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Preface 


Despite the increasing role of advanced cross-sectional 
imaging studies such as CT, MR, and PET for evaluating 
diseases of the abdomen and pelvis, most radiology practices 
continue to perform GI and GU fluoroscopic procedures on a 
daily basis. It therefore is important for radiologists to develop 
and maintain their skills in GI and GU fluoroscopy in order 
to provide optimal studies for their patients. In this regard, 
we recognized the need for a text dedicated to all aspects of 
performing and interpreting high-quality GI and GU fluoro- 
scopic procedures. Our goal in writing this text was to illumin- 
ate the critical role of fluoroscopy in the diagnosis of luminal 
GI and GU diseases. Rather than provide an encyclopedic 
review of GI and GU pathology, we instead present the funda- 
mentals and nuances for performing and interpreting all types 
of GI and GU fluoroscopic procedures. 

Two of the authors of this work, Marc Levine and Stephen 
Rubesin, previously collaborated with Igor Laufer on the last 
edition of Double Contrast Gastrointestinal Radiology, pub- 
lished in 2000, and the third author, Parvati Ramchandani, 
collaborated with Howard Pollack on his landmark text, 
Clinical Urography, also last published in 2000. The three of 
us have been long-time colleagues and friends in the Perelman 
School of Medicine at the University of Pennsylvania and were 
delighted to collaborate on Practical Fluoroscopy of the GI and 
GU Tracts. It is our hope that this text will fill a major void in 
the radiology literature. 

The GI section includes chapters on the modified barium 
swallow, videofluoroscopic pharyngography, double- and 


single-contrast esophagography, double- and single-contrast 
upper GI exams, small bowel follow throughs, enteroclysis, 
double- and single-contrast barium enemas, evacuation proc- 
tography, and all types of postoperative GI studies, whereas the 
GU section includes chapters on retrograde urethrography, 
voiding cystography, and retrograde pyeloureterography. 
Each chapter contains concise, yet comprehensive descriptions 
of the techniques for performing the various GI and GU fluoro- 
scopic procedures as well as a host of practical tips, advice, and 
solutions for the many problems and pitfalls encountered 
during these examinations. We also have included focused 
discussions about the important clinical and radiographic find- 
ings and relevant differential diagnoses for the major pathologic 
conditions involving the GI and GU tracts, supplemented by 
carefully annotated images to illustrate these findings. 

Practical Fluoroscopy of the GI and GU Tracts is intended as 
a primer for radiology trainees as well as practicing radiologists 
and radiology practitioner assistants who perform and interpret 
GI and GU fluoroscopy procedures in their everyday practice. 
We hope readers will find this text to be a worthy addition to 
their radiology libraries and that they enjoy reading it as much 
as we enjoyed writing it. Last but not least, we welcome your 
comments and suggestions for any future editions. 


Marc S. Levine, MD 
Stephen E. Rubesin, MD 
Parvi Ramchandani, MD 
January, 2012 


| Section 1 | GI Tract 


Pharynx 


Stephen E. Rubesin, MD 


Techniques and normal anatomy 


Normal anatomy 


The pharynx is a 12-14cm in length, funnel-shaped tube of 
skeletal muscle and mucosa that participates in swallowing, 
speech, and respiration.’ The portions of pharynx that partici- 
pate in swallowing are the oropharynx (mesopharynx) and 
the laryngopharynx (hypopharynx). The anterior/superior 
opening of the oropharynx is the palatoglossal isthmus 
between the oral cavity and oropharynx.” The velopharyngeal 
portal is the superiorly located communication between naso- 
pharynx and oropharynx. The laryngeal aditus is the opening 
from hypopharynx into laryngeal vestibule. The pharyngo- 
esophageal segment is the opening between hypopharynx and 
cervical esophagus. 

The shape of the pharynx is formed by its intrinsic muscu- 
lature, the cartilages and bones that confine it, and its insepar- 
able relations with the tongue and larynx (Figs. 1.1 and 1.2).° 
The pharynx is suspended from the mandible, tongue, and 
skull base by the suprahyoid musculature. The pharynx is 
confined by the hyoid bone, thyroid and cricoid cartilages, 
and the cervical spine. The base of the tongue forms the 
anterior wall of the oropharynx; the soft palate forms the 
superior wall of the oropharynx. The larynx forms most of 
the anterior wall of the hypopharynx. 

The soft palate is a flap of skeletal muscle and connective 
tissue that originates at its junction with the horizontal plates 
of the palatine bones (Fig. 1.3). The soft palate is suspended 
from the temporal bone anteriorly by the tensor veli palatini 
and, in its mid portion, by the levator veli palatini muscle.* The 
soft palate is joined to the lateral sides of the tongue by the 
paired palatoglossal muscles that form the anterior tonsillar 
pillars (palatoglossal folds). The soft palate is connected to the 
lateral pharyngeal walls by the paired palatopharyngeal 
muscles that form the posterior tonsillar pillars (palatopha- 
ryngeal folds). The palatine tonsils lie between the palatoglossal 
and palatopharyngeal folds. 

The anterior wall of the epiglottis is formed by the epiglot- 
tic cartilage, an inverted, pear-shaped cartilage. The smooth, 
curved lateral edges of the epiglottis are formed by the intrinsic 
muscles, including the thyroepiglottic muscles, and the ary- 
epiglottic muscles that extend to the muscular processes of the 


Fig. 1.1 Normal 
pharynx. Spot 
radiograph with the 
patient facing the image 
intensifier (a “frontal 
view") demonstrates the 
hard palate (arrow — H), 
he right tonsil 

arrow — RT), the left 
onsil (arrow — LT), the 
epiglottic tip (arrow), 

he right vallecula (V), the 
median glossoepiglottic 
fold (arrowhead), and the 
ip of the right piriform 
sinus (P). 


arytenoid cartilages. The hyoepiglottic ligament is a tendon 
that connects the petiole (inferior tip) of the epiglottic cartilage 
to the hyoid bone. The tapered epiglottic tip rises above the 
valleculae (Fig. 1.4). 

The valleculae are cup-shaped spaces that disappear when 
the epiglottis inverts during swallowing. The anterior walls of 
the valleculae are formed by the base of the tongue; the medial 
walls of the valleculae are formed by the median glossoepiglot- 
tic fold that overlies the glossoepiglottic ligament; and the 
lateral walls are formed by the pharyngoepiglottic fold overly- 
ing the stylopharyngeal muscle. 

Portions of the larynx (the epiglottis and muscular pro- 
cesses of the arytenoid cartilages with their associated muscles 
and connective tissue) form most of the anterior wall of 
the hypopharynx. The curved shape of the collapsed lower 
hypopharynx is created by protrusion of the larynx into 
the hypopharynx, forming two lateral channels - the 
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Fig. 1.3 Normal soft 
palate. Spot radiograph 
obtained with the patient 
in a right lateral position. 
Two milliliters of high- 
density barium were 
instilled into the left naris 
and the patient 
swallowed, enabling 
barium coating of the 
nasopharynx. The patient 
is not phonating. The soft 
palate (S) abuts the base 
of the tongue (T). The 
paired eustachian tube 
orifices (short arrow) and 
the paired 
salpingopharyngeal folds 
(long arrow) are seen. 
The valleculae (V) are 
poorly distended as the 
epiglottic tip almost 
abuts the base of the 
tongue. 


Fig. 1.2 Normal pharynx. A. Spot 
radiograph with the patient facing the 
examiner (a “right lateral view”) demonstrates 
the soft palate (S), vertical surface of the 
tongue in profile (T), epiglottic tip (thick 
arrow), hyoid bone (arrow — H), overlapping 
right and left valleculae (small arrowhead), 
posterior pharyngeal wall (large arrowheads), 
anterior walls of overlapping piriform sinuses 
(thin arrow), and the pharyngoesophageal 
segment/location of the cricopharyngeus 
(arrow — C). B. Lateral view obtained with the 
patient phonating “Eee...” The tongue 
moves anteriorly and the soft palate (S) 
elevates. The pharynx is more distended, 
enabling better visualization of the epiglottic 
tip, uvula of the soft palate (U), 
pharyngoepiglottic folds (thin arrows), 
aryepiglottic folds (thick arrowhead), anterior 
wall of the piriform sinuses (thick arrow), and 
mucosa overlying the muscular process of the 
arytenoids (thin arrowhead). 


Fig. 1.4 Folds of 
epiglottis. Spot 
radiograph of a patient 
who has had radiation 
herapy. The uvula (u) 
and epiglottic tip 

arrow — E) are labeled. 
Aspirated barium coats 
he laryngeal vestibule, 
enabling visualization of 
he inner wall of the left 
aryepiglottic fold 
arrowhead). The left 
pharyngoepiglottic fold 
(long arrow) forms the 
posterolateral wall of the 
eft vallecula. The mucosa 
overlying the muscular 
process of the left 
arytenoid is identified 
(short arrow). 


piriform sinuses. The lowermost hypopharynx and pharyngo- 
esophageal segment are collapsed at rest, constricted by 
the mass effect of the larynx and the tonic contraction of the 
cricopharyngeus. 

Pharyngeal mucosa appears smooth (see Fig. 1.1), except 
for normal mucosal nodularity in the palatine tonsil and lin- 
gual tonsil. Pharyngeal mucosa may appear striated when the _tendinous insertions.? The mucosa posterior to the cricoid 
pharynx is collapsed (see Fig. 1.2A), due to the orientation of cartilage may have an elevated, undulating contour, as a result 
the underlying intrinsic longitudinal muscle layer and its of redundant submucosal fat (Fig. 1.5).° 
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Fig. 1.5 Redundant 
tissue behind cricoid 
cartilage. Image 
obtained as the bolus 
passes through the 
pharyngoesophageal 
segment with the patient 
in a right lateral position. 
A wavy contour 
(arrowheads) identifies 
redundant tissue behind 
the cricoid cartilage. The 
incompletely opening 
cricopharyngeus (thick 
arrow) is on the posterior 
wall of the 
pharyngoesophageal 
segment opposite the 
cricoid cartilage. 
Osteophytes at the C5-C6 
level impress the 
posterior wall of the 
upper cervical esophagus 
(thin arrow). 


Normal motility 


Swallowing is a programmed sequence of skeletal muscle 
contraction altered by sensory feedback from the oral cavity 
and pharynx back to the brainstem.” The V3, VII, IX, X, XII 
cranial nerves carry the sensory and motor signals from the 
cerebral cortex and the swallowing center in the brainstem to 
the muscles of the pharynx (see Table 1.1).° Thus, when 
performing a swallowing study, the radiologist is testing 
cognitive function, the swallowing pathways in the brain, in 
particular the nucleus and tractus solitarius (sensory) and the 
nucleus ambiguous/vagal nucleus (motor) in the brainstem, 
skeletal muscle function, and function of a variety of cranial 
nerves. 

Once a bolus has been placed in the mouth, the lips close 
around the bolus, preventing spill out of the mouth.’ The 
bolus is held on top of the tongue but some of the bolus may 
normally fall into the anterior or lateral sublingual sulci. Active 
contraction of the tongue base and palatoglossal muscle pre- 
vents spill of bolus into the oropharynx. With advanced age, 
however, spill of bolus into the oropharynx may occur, prob- 
ably due to loss of sensory fibers at the palatoglossal isthmus. 

When swallowing is initiated, the tongue collects any bolus 
spilled into the sublingual sulci, scooping it on the top of the 
tongue.® The tongue tip sweeps upward against the hard palate 
(Fig. 1.6). The mid tongue forms a groove to contain the bolus 
(Fig. 1.7). As the bolus is transferred posteriorly, the mid 
tongue is pulled forward (genioglossus), forming an inclined 
plane to channel the bolus posteriorly.’ Simultaneously, the 


Table 1.1 Tongue and pharyngeal motor function 


Visualized motion 


Lip closure 


Mastication 


Bolus holding 
posteriorly 


Tongue protrusion 
Tongue tip elevation 


Tongue forming 
inclined plane 


Tongue base 
retraction 


Velopharyngeal portal 
closure soft palate 
elevation 

lateral portal closure 


Hyoid elevation 
(suprahyoid group) 


Thyrohyoid 
apposition 


Pharyngeal elevation 
suprahyoid group 


intrinsic elevators 


Epiglottic tilt 
extrinsic muscles 


intrinsic muscles 


Laryngeal vestibule 
closure 


Pharyngeal clearance 


Cranial 
nerve 


VII 


V3 


VII 


XII (via C1, 2) 
XII (via C1, 2) 


(see hyoid 
elevation) 
IX 

IX, X 

IX, X 


V3, VII, XII, 
XII (C1, C2) 
X 


X 
X 


XII 


Muscle(s) 


Orbicularis oris m, 
4 others 


Masseter m. 
Temporalis m. 
Lateral, medial 
pterygoid m. 
Buccinator m. 


Palatoglossus 
Tensor veli palatini 


Lingualis 
(sensory) 


Genioglossus 


Genioglossus 


Genioglossus, lingualis 
Styloglossus, hyoglossus 


Levator veli palatini m. 


Superior constrictor m. 


Anterior belly digastric m. 


Mylohyoid m. 
Stylohyoid m. 
Posterior belly 
digastric m. 
Geniohyoid m. 


Thyrohyoid m. 


Stylopharyngeus 
Palatopharyngeus 
Salpingopharyngeus 


Suprahyoid group 
Thyrohyoid m. 
Aryepiglottic m. 
Thyroepiglottic m 
Oblique arytenoid m. 


Thyroarytenoid m. 


Vocal cord muscles 


Superior, middle, 
Inferior constrictor m. 
Hyoglossus, styloglossus 
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Table 1.1 (cont) 


Visualized motion Cranial Muscle(s) 

nerve 
Upper esophageal V3, VII, XII Suprahyoid group 
sphincter opening 

IX, X Intrinsic elevators 

X Constrictor muscles 


Hyoid depression after C1, 2 
swallow 


Sternohyoid, omohyoid 
sternothyroid m. 


mid portion of the soft palate is pulled superiorly (levator veli 
palatini) closing the posterior portion of the velopharyngeal 
portal, preventing nasal regurgitation. Contraction of the 
superior constrictor closes the lateral portion of the velophar- 
yngeal portal. 

The bolus is cleared from the oropharynx by gravity and 
apposition of the tongue base and pharyngeal wall. The tongue 
base is retracted by the styloglossus and hyoglossus and the 
posterior pharyngeal wall is pulled forward by contraction of 
the superior and middle constrictor muscles. 

The pharynx and larynx function together to prevent the 
bolus from entering the laryngeal vestibule (laryngeal 


penetration). As swallowing begins, the true vocal cords close. 
As the bolus passes, there is retrograde obliteration of the air 
space of the laryngeal vestibule, a mechanism that helps push 
any bolus that penetrates the larynx back into the hypophar- 
ynx. The larynx and anterior wall of the pharynx are pulled 
superiorly and anteriorly by contraction of the suprahyoid 
muscles, thyrohyoid muscle, and intrinsic pharyngeal 
elevators. This is manifested as elevation and anterior move- 
ment of the hyoid, elevation of the lower hypopharynx, and 
widening of the pharynx and pharyngoesophageal segment. 

The epiglottis diverts the bolus into the lateral swallowing 
channels (piriform sinuses). Epiglottic tilt helps close the 
laryngeal vestibule. Elevation of the hyoid bone pulls the hyo- 
epiglottic ligament attached to the petiole of the epiglottis, 
pulling the lower portion of the epiglottis superiorly. Contrac- 
tion of the intrinsic epiglottic muscles pulls the epiglottic tip 
inferiorly and the muscular processes of the arytenoids medi- 
ally and superiorly.” ° 

Clearance of the bolus from the pharynx is due to gravity, 
tongue base retraction, and contraction of the middle con- 
strictor and thyropharyngeal muscle (Figs 1.8 and 1.9). The 
cricopharyngeus is a tonically contracted C-shaped sphincter 
attached to the lateral margins of the thyroid cartilage, 


Fig. 1.6 A-D Normal first portion of swallow. 
Four images with the patient in a right lateral 
position. A. The tongue tip (arrowhead) is just 
beginning to rise. The soft palate (S) still apposes 
the tongue base. The hyoid bone (arrow - H), 
bottom of the calcified ala of the thyroid cartilage 
(white arrow), and C6 (6) vertebral body are 
identified. B. The tongue tip (arrowhead) is rising 
slightly. The soft palate (S) is rising. The epiglottic 
tip (arrow) is just beginning to move posteriorly. 
The C6 (6) vertebral body is identified. C The bolus 
has now been transferred into the oropharynx. The 
anterior tongue (arrowhead) apposes the hard 
palate. The soft palate (S) apposes the posterior 
pharyngeal wall. The laryngeal vestibule (L) has not 
yet closed. D. The bolus is now being cleared from 
the oropharynx. The tongue base (arrowhead is 
almost apposing the posterior pharyngeal wall. 
The hyoid bone (arrow — H) has risen up 
underneath the mandible. The calcified lower 
edge of the thyroid cartilage has risen more than 
one vertebral body in height. The 
pharyngoesophageal segment (C) is still closed. 
The laryngeal vestibule has closed, as the air space 
seen in C. is no longer visible. [White arrow 
denotes the bottom of the clacified ala of the 
thyroid cartilage] 
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supplied by the recurrent laryngeal nerve (X). At the beginning 
of a swallow, neural signals cause the muscle to relax. How- 
ever, actions of other muscles must open the cricopharyngeus. 
Elevation of the pharynx and larynx by the suprahyoid 
muscles, thyrohyoid muscle, and the intrinsic pharyngeal ele- 
vators pulls the cricoid cartilage anteriorly and superiorly, 
helping “open” the cricopharyngeus. The cricopharyngeus is 
pushed open by pressure of the bolus due to tongue base 
retraction, gravity, and contraction of the middle constrictor 
muscle and thyropharyngeal muscle. 

Once the bolus passes through the pharyngoesophageal 
segment, the hyoid bone, pharynx, and larynx descend to their 
resting position, the vocal cords and laryngeal vestibule open, 
the epiglottis returns to its upright position, and the cricopha- 
ryngeus closes (see Figs 1.6 and 1.7). 


Routine technique 


Every barium swallow is “modified” to the patient’s symptoms 
and ability to perform a study and the clinical questions to be 
answered. The swallowing team must remember that swallow- 
ing begins at the lips and ends at the gastric cardia. Symptoms 
referred to the neck or suprasternal region often originate in the 


esophagus. About one-third of cases of chronic coughing are 
the result of chronic gastroesophageal reflux or other esopha- 
geal disorder, not a pulmonary, nasopharyngeal, or pharyngeal 
disorder. A globus sensation is most frequently related 
to gastroesophageal reflux disease. Many patients with 
pharyngeal disorders also have an esophageal disorder. Some 
diseases of the esophagus also involve the pharynx or larynx, 
such as reflux laryngitis. For example, some patients with gas- 
troesophageal reflux have abnormal epiglottic tilt, resulting in 
laryngeal penetration. Therefore, the pharynx and esophagus 
are studied to variable degree, with the patient in a variety of 
positions, swallowing boluses of varying size, viscosity, 
and consistency. Spot images are obtained to evaluate morph- 
ology and DVD or video recording is obtained to evaluate 
motility (Table 1.2). 

Oral and pharyngeal motility is evaluated with the patient 
in an erect (standing or sitting) position. The oral and pharyn- 
geal phases of the ambulatory, communicative, neurologically 
normal patient are usually studied in lateral and frontal erect 
positions. The patient is first studied in the lateral position, as 
barium penetrating the laryngeal vestibule is easier to see in 
the lateral view (Fig. 1.8). The frontal view should not be 
ignored, however, as symmetry of epiglottic tilt or pharyngeal 


Fig. 1.6 E-H Normal second portion of swallow. 
Four images with the patient in a right lateral 
position, continuing the swallow from 1.6 A to 1.6 
D. E. The bolus is in the hypopharynx and passing 
through the now open pharyngoesophageal 
segment (short arrow). The posterior pharyngeal 
contraction wave (long arrow), manifest as 
inbowing of the posterior pharyngeal wall, is just 
below the transition from the middle to the 
inferior constrictor muscle. The lower border of the 
calcified thyroid cartilage is identified (white 
arrow). [S = soft palate.] F. The bolus has passed 
through the pharynx. The hyoid bone (arrow — H) 
is just beginning to descend. The epiglottic tip 
(thin arrow) is beginning to flip superiorly. The 
pharyngoesophageal segment (arrow — C) has 
closed. G. The soft palate (S) has fallen to appose 
the base of the tongue (T). The laryngeal vestibule 
(L) is opening. H. The pharynx has now fallen 
almost to its resting position. The epiglottic tip 
(thin arrow) is returning toward its upright 
position. The thyroid cartilage is returning caudally 
(white arrow). The mid hypopharynx (H) is no 
longer obliterated as in F. 
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Fig. 1.7 Example of swallow obtained with the patient in a frontal position. A. At the beginning of the swallow, the bolus is held on top of the surface 
of the tongue. The tongue forms a V-shaped groove (arrowheads) to help hold the bolus and direct it toward the oropharynx. The vocal cords are closed (small 
arrows), as swallowing has already started. Ovoid, smooth nodules on the vertical surface of the tongue are due to lymphoid hyperplasia of the lingual tonsil (L). 
B. The bolus (B) is being spilled along the vertical surface of the tongue. The mid tongue has risen to appose the hard palate (arrow). C. The bolus now 
extends into the hypopharynx. Inbowing of the lateral pharyngeal walls (arrows) is due to middle constrictor motion. The epiglottis (arrowhead) has tilted to the 
horizontal position. D. The bolus is now in the hypopharynx and cervical esophagus. There is abnormal incomplete inversion of the epiglottis (arrowhead). 

The thyropharyngeus pushes the bolus inferiorly (short arrows). There is asymmetric, incomplete opening of the right side of the cricopharyngeus (long arrow) 
E. The bolus has almost completely passed through the hypopharynx. F. The bolus has passed into the cervical esophagus and the vocal cords are beginning 
to open. 
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Table 1.2 Routine pharyngoesophogram for respiratory or pharyngeal symptoms* 


Patient position Technique Organ 


Erect, lateral, facing examiner DVD or Videofluoroscopy 


Double contrast (R,P) spot images 


Oral, pharyngeal motility 
Pharyngeal morphology 


Erect, frontal DVD or videofluoroscopy 


Double contrast (R,V) spot images 


Pharyngeal motility/symmetry 
Pharyngeal morphology 


Right posterior oblique DVD or videofluoroscopy 


Spot images optional 


Pharyngoesophageal segment 


Erect, LPO 
Prone, RAO 


Right lateral 


Effervescent agent and water 
Double contrast spot images 


DVD or videofluoroscopy 
Single contrast spot images 


Double contrast spot image 


Esophageal mucosa 


Esophageal motility 
Esophageal morphology 


Gastric cardia 


*LPO = left posterior oblique with respect to table top; P = phonation; R = suspended respiration; RAO = right anterior oblique with respect to table top; 


V = modified Valsalva maneuver. 


Fig. 1.8 Laryngeal 
penetration. Image 
obtained during mid 
swallow with the patient 
in a lateral view. The 
hyoid bone (arrow — H) 
has not risen up 
underneath the 
mandible. The epiglottis 
(arrows) is incompletely 
tilting. Barium enters the 
partially open laryngeal 
vestibule (L). 


contraction is understood only in the frontal view (Fig. 1.9). 
Oblique views are obtained if the pharyngoesophageal segment 
is not visualized.'! Spot views are obtained using maneuvers 
that distend the pharynx: phonation or a modified Valsalva 
maneuver (blowing through pursed or closed lips, whistling).'* 

The esophagus is studied with the patient standing in a left 
posterior oblique view. The fluoroscope is then lowered and 
the patient is placed in a prone, right anterior oblique view to 
test esophageal motility and to demonstrate esophageal rings, 
webs, or strictures and to fill a hiatal hernia. Although esopha- 
geal motility is traditionally evaluated with the patient in a 
prone, right anterior oblique position, the radiologist should 
know that esophageal manometry may be performed with the 
patient in an erect or recumbent position. Therefore, if neces- 
sary, esophageal motility can be evaluated with the patient in 
an erect position, in particular, while the patient swallows a 
cohesive bolus of barium pudding. 


Fig. 1.9 Paresis of the 
right-sided constrictor 
muscles due to right 
vagus nerve damage 
during skull base 
surgery. Image obtained 
as the bolus passes 
through the 
hypopharynx and 
pharyngoesophageal 
segment. Normal 
contraction of the upper 
portion of the left 
thyropharyngeal muscle 
is manifest as inbowing 
of the left lateral 
pharyngeal wall (thick 
arrows). The weak upper 
lateral right pharyngeal 
wall is being bowed out 
against the thyrohyoid 
membrane (arrowhead). 
The right lateral 
pharyngeal wall is not 
bowing inward 
(arrowhead and thin 
arrow) indicative of 
absent contraction of the 
right thyropharyngeal 
muscle. The 
pharyngoesophageal 
segment (arrow — C) is 
asymmetrically open. 


If the patient cannot stand without support and the oral 
and pharyngeal phases are mainly to be studied, the patient is 
strapped into a swallowing chair and examined in the sitting 
position. The patient may be studied in a wheelchair if there is 
access to a C-arm fluoroscope or other fluoroscope that can fit 
around the patient.'? If the patient cannot sit safely, even with 
support from the straps of the swallowing chair, the patient is 
placed in a recumbent right side down position on the fluoro- 
scopic table top. 
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When the clinical question is “Does this patient aspirate?” 
or “Is this patient swallow-safe?” the radiologist focuses on the 
oral and pharyngeal phases of swallowing. These patients typ- 
ically have known neurological diseases such as stroke, small 
vessel ischemic disease, multiple sclerosis, Parkinson’s disease; 
a history of head and neck tumor treated by radiation therapy 
or surgery (see Fig. 1.9); and a history of recent cervical spine 
or cardiac surgery or clinical/radiographic diagnosis of aspir- 
ation pneumonia. However, if these clinical questions are not 
answered by study of the oral and pharyngeal phases, or if the 
esophagus is dilated or has stasis, the patient should be 
removed from the swallowing chair, placed on the fluoroscopic 
table top, and the esophagus should be evaluated. When the 
clinical question points to the esophagus (substernal dyspha- 
gia/heartburn), it can be studied first. Even when esophageal 
disease is suspected, one lateral and one frontal swallow of the 
pharynx are often recorded first as a precaution to make sure 
the patient is swallow-safe. 

Many swallowing disorders are related to the inability for 
self-feeding. The patient is cognitively or physically impaired 
and unable to place a bolus of proper size into his or her 
mouth. Therefore, the radiologist first evaluates how the 
patient selects a bolus and places it in their mouth. If the 
patient is unable to self-feed, the radiologist, technologist, or 
speech pathologist feeds the patient with a spoon or small 
measuring cup. 

The following principles are then used to guide the type 
and size of bolus administered. Small boluses are safer than 
larger boluses.'* Normal bolus size is about 8-10 ml. Single 
swallows of saliva are about 1-2ml. However, swallowing 
motions are bolus size dependent. If too small a bolus is given, 
epiglottic tilt cannot be evaluated. The pharynx may appear 
falsely normal with too small a bolus. Therefore, we prefer to 
start with a 4-5 ml sized bolus and increase the bolus size to 
about 8-10 ml if swallowing is safe. 

We start with high-density barium, as it coats the mucosa, 
enabling visualization of anatomy and wall motion. If a radi- 
ologist finds that barium coating the laryngeal vestibule makes 
it difficult to assess later boluses entering it, thin barium or 
other products that do not coat mucosa may be used first. 

The pharynx “handles” a cohesive bolus more easily than a 
watery bolus. Therefore, in general, a thick barium-honey or 
barium pudding is safer than thin barium in patients with a 
pharyngeal problem. To “unmask” a pharyngeal problem, thin 
barium is used. One caveat to this principle is that if stasis in 
the piriform sinuses with overflow aspiration is the main 
problem (due to abnormal thyropharyngeal contraction), thin 
barium may be used to diminish piriform sinus stasis. 

The oral phase handles a thin liquid better than barium 
pudding. Therefore, a thin liquid improves the oral phase; 
and a thick substance such as barium pudding unmasks a 
tongue problem. Oral motility is often improved by using thin 
barium. 

At some point the patient should be turned to a frontal 
view, if possible. The frontal view is valuable to test symmetry 


of pharyngeal contraction, and to “lateralize” abnormal epi- 
glottic tilt or pharyngeal stasis to the right or left (see Fig. 1.9). 
A frontal view should be performed before a therapeutic man- 
euver (head turn) is tested for suspicion of a unilateral pharyn- 
geal abnormality. Some patients cannot fit in a frontal position 
in the confined space between the fluoroscopic table top and 
the image intensifier. This scenario usually occurs when the 
patient has extreme kyphosis or cannot hold their head in a 
fully erect position. The frontal view then cannot be used. 

At the end of the examination, the radiologist reviews the 
DVD/videofluoroscopy recording in slow motion. Swallows 
are reviewed several times in forward and reverse modes. 
The radiologist evaluates the motions listed in Table 1.1, 
including bolus holding, tongue motion, soft palate elevation, 
hyoid/pharynx/larynx elevation, epiglottic tilt, laryngeal ves- 
tibule closure, pharyngeal contraction, and opening of the 
pharyngoesophageal segment. These motions cannot be 
adequately evaluated by fluoroscopy alone or by rapid 
sequence imaging. The radiologist needs to employ a recording 
device with at least 24 frames per second, as it only takes three- 
quarters of a second for a bolus to go from the lips to the 
pharyngoesophageal segment. Under fluoroscopy, the radiolo- 
gist should only be expected to see laryngeal penetration or an 
abnormally opening cricopharyngeus, unless a_ particular 
motion is specifically evaluated. 


Compensatory and therapeutic maneuvers 


Once swallowing has been assessed, a series of techniques may 
be employed to improve passage of the bolus or alter swallow- 
ing physiology (see Table 1.3).'*’® The radiologist should be 
familiar with these techniques. Understanding these tech- 
niques improves communication with a swallowing therapist 
and speed of examination. 


Water-soluble contrast studies 


Water-soluble contrast should be used sparingly, if at all, in 
patients with a pharyngeal motor disorder. If a pharyngeal 
“leak” is suspected due to trauma, surgery, or radiation, small 
swallows of ionic or non-ionic contrast may be administered, 
until the patient is deemed swallow-safe. Some radiologists only 
use barium, as barium is relatively innocuous in the soft tissues 
of the neck. After 1-2 swallows with water-soluble contrast, we 
quickly switch to high-density barium (Fig. 1.10), as thick 
barium best demonstrates pharyngeal anatomy, penetrates the 
laryngeal vestibule less deeply, and is more visible in fissures, 
fistulas, and leaks than thin barium or water-soluble contrast. 


Motor disorders 


Detailed discussion of the wide variety of diseases that alter 
oral or pharyngeal motility is beyond the scope of this text.'” 
About one-fourth of patients with acute cerebrovascular acci- 
dents have dysphagia. In general, left-sided supratentorial 
strokes alter the oral phase of swallowing, while right-sided 
strokes alter the pharyngeal phase.’* Acute strokes or small 
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Table 1.3 Techniques to improve swallowing 


Abnormality Patient position 


Premature leak Chin down 
Abnormal tongue push Chin up 
Laryngeal penetration Chin down 


Unilateral stasis piriform Rotate to involved side 


Abnormal PES 


vessel disease can damage the corticobulbar pathways in the 
internal capsule or the swallowing center in the pons and 
medulla. Damage to motor neurons in the swallowing center 
or cranial nerves may result in bulbar palsy with oral and 
pharyngeal dysphagia. Lower motor neuron damage occurs 
in diseases such as amyotrophic lateral sclerosis’? and 10- 
15% of patients with acute poliomyelitis. Some patients with 
a remote history of poliomyelitis have postpolio muscular 
atrophy due to progressive degeneration of axon terminals in 
surviving but “overworked” residual motor neurons.”° Unilat- 
eral pharyngeal paresis is often caused by destruction of cranial 
nerves in the skull base or neck due to trauma, tumor, or 
surgery.”'” Transient or permanent damage to the recurrent 
laryngeal nerve is not infrequent after cardiac or mediastinal 
surgery, radiation therapy, or mediastinal tumor invasion. In 
myasthenia gravis, abnormal transmission at the myoneural 
junction will result in dysphagia initiated or exacerbated by 
prolonged swallowing. 

A variety of myopathies may result in dysphagia, including 
dermatomyositis and polymyositis and endocrine disturbances such 
as hyperthyroidism, hypothyroidism, and Cushing’s syndrome. 


Chin down or rotate head to weak side 


Maneuver Bolus 

Size Viscosity 
Supraglottic swallow Small Thick 
Effortful swallow Thin 
Supraglottic swallow Small Thick 
Double swallows Small Thin 
Mendelsohn maneuver Small Thin 


Fig. 1.10 Endoscopic perforation of left 
piriform sinus. A. Image obtained with the 
patient in a frontal position while drinking 
water-soluble contrast (Gastroview). The bolus is 
in the hypopharynx and pharyngoesophageal 
segment. A small contrast-filled track (arrow) 
arises from the lower left piriform sinus. Clips in 
the left neck were from remote surgery. 

A tracheostomy tube is seen en face. B. The 
patient's head is now turned slightly to the right. 
The extent of the perforation is demonstrated 
by thick barium. Barium lines a track (thin 
arrows) arising from the tip of the piriform sinus 
(arrowhead). A 1 cm collection (thick arrow) is 
seen at the inferior margin of the track. The 
cervical esophagus (C) is coated by barium. 


Radiographic findings in relation to disease 


The most common radiographic reason that barium enters the 
laryngeal vestibule is poor timing between the oral and pha- 
ryngeal phase of swallowing. This explains why the radiologist 
must include the oral cavity during dynamic recording, 
centering from the lips to the cervical spine and from the hard 
palate to the cricopharyngeus. A wide variety of factors lead to 
poor control of the bolus at the palatoglossal isthmus. With 
aging, the sensory fibers at the palatoglossal isthmus are lost, 
leading to premature spill of bolus into the valleculae and 
sometimes piriform sinuses. Any disorder that damages the 
tongue base, such as tumor, radiation therapy, or XII cranial 
nerve damage also leads to poor bolus control, premature spill, 
and laryngeal penetration. Any neurological disorder that dis- 
rupts the sensory, brainstem, or motor neuronal pathways of 
the IX, X, and XII cranial nerves also can result in either 
premature spill of bolus or delayed pharyngeal events (the 
so-called “delayed trigger”). 

Abnormal epiglottic tilt from a variety of causes leads to 
laryngeal penetration. Any disease that disrupts elevation of 


10 


Section 1: GI Tract 


the hyoid bone results in poor pull on the hyoepiglottic 
ligament and poor epiglottic tilt. For example, if hyoid 
bone elevation is restricted by inflammation or fibrosis 
from radiation therapy, neck surgery, or tracheostomy, 
diminished epiglottic tilt may lead to laryngeal penetration. 
However, when the radiologist sees normal hyoid elevation, 
but abnormal epiglottic tilt, laryngeal factors are the leading 
causes of laryngeal penetration. Any structural disorder of 
the epiglottis (tumor, radiation change, or trauma) can result 
in laryngeal penetration. Any disruption of the recurrent 
laryngeal nerve supplying the intrinsic epiglottic muscles 
(thyroepiglottic, aryepiglottic, and oblique arytenoid 
muscles) can lead to abnormal or asymmetric epiglottic tilt 
and laryngeal penetration. For example, if a recurrent laryn- 
geal nerve is temporarily or permanently damaged during 
cardiac surgery, asymmetric epiglottic tilt may lead to laryn- 
geal penetration. 

Diminished contraction of the constrictor musculature 
results in stasis in the hypopharynx and overflow aspiration 
of barium from the piriform sinuses through the interaryt- 
enoid notch into the lower laryngeal vestibule. Diminished 
constrictor muscle activity may be due to a myopathy, 
such as polymyositis or steroid-induced myopathy or damage 
to the lower motor neurons, such as in patients with amyo- 
trophic lateral sclerosis (ALS) or spinal muscle atrophy. 
Asymmetric constrictor activity may be due to unilateral 
vagal nerve damage at the skull base from tumor, radiation 
therapy, surgery, etc. (see Fig. 1.10). The lowermost fibers 
of the thyropharyngeus may be supplied by the recurrent 
laryngeal nerves. Therefore poor muscular contraction con- 
fined to the lowermost hypopharynx leading to stasis in the 
tips of the piriform sinus may be due to a recurrent laryngeal 
nerve disorder, such as mediastinal tumor, radiation, or 
surgery. 


Cricopharyngeal “achalasia” 


The cricopharyngeus may show delayed opening, incomplete 
opening, or early closure (see Fig. 1.5). The most common 
cause of an abnormally functioning cricopharyngeus is gastro- 
esophageal disease, where the cricopharyngeus remains tonic- 
ally contracted to prevent reflux of contents back into the 
pharynx.” The cricopharyngeus is supplied by the recurrent 
laryngeal nerve. Therefore, any transient or permanent 
damage to the recurrent laryngeal nerve by neck or medias- 
tinal/cardiac surgery or mediastinal tumor can cause abnormal 
function of the cricopharyngeus. 


Morphologic abnormalities 
Pouches and diverticula 


Pouches are transient protrusions of mucosa and tunica pro- 
pria through areas of pharyngeal wall weakness. Diverticula are 
persistent protrusions of mucosa and tunica propria through 
areas of pharyngeal wall weakness. 


Fig. 1.11 Lateral 
pharyngeal pouches. 
Image obtained as the 
bolus is passing through 
the hypopharynx and 
pharyngoesophageal 
segment. The patient is in 
the frontal position. 
Barium fills a 1.5 cm right 
and a 1cm left lateral 
pharyngeal pouch 
(arrowheads). The barium 
will subsequently spill 
from each pouch into the 
respective ipsilateral 
piriform sinus. The 
epiglottis (arrows) has 
not inverted normally. 
The epiglottis overlies the 
barium-coated vocal 
folds. 


Lateral pharyngeal pouches and diverticula 


Lateral pharyngeal pouches are transient protrusions of pha- 
ryngeal mucosa of the upper, anterolateral hypopharyngeal 
wall (Fig. 1.11). The lateral pharyngeal pouches and diverticula 
protrude through the unsupported thyrohyoid membrane: 
inferior to the hyoid bone, superior to the ala of the thyroid 
cartilage, posterior to the thyrohyoid muscle, and anterior 
to the superior cornu of the thyroid cartilage and the stylo- 
pharyngeal muscle.”* The superior laryngeal nerve enters the 
pharynx and larynx in this space. 

Lateral pharyngeal pouches are often seen only while the 
patient drinks (see Fig. 1.11). With the patient in the frontal 
view, lateral pharyngeal pouches are seen as smooth-surfaced, 
barium-filled sacculations of the lateral pharyngeal wall, just 
below the hyoid bone. Barium that remains in the pouch is 
spilled immediately after the swallow into the ipsilateral piri- 
form sinus.” In the lateral view, the pouches are seen on the 
anterior wall of the hypopharynx just below the hyoid bone. 

Most patients with lateral pharyngeal pouches are asymp- 
tomatic. However, some patients feel the stasis in the pouch or 
the delayed spill into the piriform sinuses. Double swallowing 
may occur. Rare patients suffer overflow aspiration. 

Lateral pharyngeal diverticula are persistent protrusions of 
the upper lateral hypopharyngeal wall (Fig. 1.12). These diver- 
ticula may have an increased incidence in patients with ele- 
vated intrapharyngeal pressure such as wind instrument 
players. 


Zenker’s diverticulum 


Zenker’s diverticulum is an acquired mucosal herniation 
through an area of congenital muscle weakness in the 
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Fig. 1.12 Lateral pharyngeal diverticulum. A and B. Images obtained with patient in the frontal position. In A the bolus is in the hypopharynx and cervical 
esophagus. Barium flows through a thin neck (small arrowhead), partially filling a 1.5 cm sacculation (large arrowhead) lateral to the ala of the thyroid cartilage. 
Incomplete inversion of the epiglottis (small thick arrow) results in laryngeal penetration, with barium coating the false vocal folds in B (small thin arrow). The 
sacculation is persistent after the swallow (thick arrowhead in B), indicating that this is a diverticulum rather than a pouch. Elevation of the pharynx during swallowing 
is demonstrated comparing the level of the tip of the right piriform sinus (long thin arrow) in A and B. C. Image obtained with the patient in a right lateral position. 
The diverticulum (thick arrowhead) is toward the anterior wall of the upper hypopharynx, just underneath the hyoid bone (arrow — H). 


cricopharyngeal muscle known as Killian’s dehiscence. About 
one-third of cadavers show a gap between the oblique and 
horizontal fibers of the cricopharyngeal muscle.”°?” The 
pathogenesis of this diverticulum is poorly understood, as 
during manometry, some patients have “incoordination” of 
the inferior constrictor muscle and elevated pressure in the 
cricopharyngeus.”* Other patients, however, have normal pres- 
sures. At least 90% of patients have a hiatus hernia and gastro- 
esophageal reflux. 

Zenker’s diverticulum is manifested as a persistent, variably 
sized barium-filled sac: in the frontal view, seen midline below 
the tips of the piriform sinus and in the lateral view, posterior 
to a smooth-surfaced cricopharyngeal “bar” that does not 
disappear during swallowing (Fig. 1.13). The opening of the 
diverticulum, seen during drinking, can be remarkably large, 
as large as the cricopharyngeus itself (Fig. 1.14). 

Zenker’s diverticulum should not be confused with barium 
trapped above and incompletely opening or early closing 
cricopharyngeus, the so-called pseudo-Zenker’s diverticu- 
lum.” This trapped barium will disappear with repeated swal- 
lowing and does not protrude behind the cricopharyngeus. 


Killian-Jamieson pouches and diverticula 


Proximal, lateral cervical esophageal pouches and diverticula 
arise in an area of muscle weakness inferior to the 


cricopharyngeal muscle known as the Killian-Jamieson space, 
hence they are also known as Killian-Jamieson pouches and 
diverticula. The Killian-Jamieson space is an unsupported gap 
in the esophageal muscle, just below the transverse fibers of the 
cricopharyngeus, just posterior to the cricoid cartilage, and just 
lateral to the suspensory ligament of the esophagus that attaches 
to the posterior wall of the cricoid cartilage.” Pouches are small 
transient protrusions of the Killian-Jamieson space, diverticula 
are persistent protrusions. Killian-Jamieson diverticula are 
about a quarter as common as Zenker’s diverticulum. They 
are usually bilateral, or if unilateral, seen in the left neck.*° 
Radiographically, in the frontal view, a barium-filled sac of 
variable size is seen lateral to the uppermost cervical esophagus, 
connected by a neck of variable height (Fig. 1.15). The sac is just 
below the level of the cricopharyngeus, seen best during fluor- 
oscopy. In the lateral view, the sac overlaps the barium-coated 
upper cervical esophagus. In contrast, in the lateral view, a 
Zenker’s diverticulum lies posterior to the pharyngoesophageal 
segment and cervical esophagus. 


Inflammatory conditions 


A wide variety of inflammatory conditions involve the pharynx. 
The most common radiographically depicted inflammatory 
condition of the pharynx is hyperplasia of the palatine or lingual 
tonsil as a response to aging, allergy, or recent or recurring 
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Fig. 1.13 Zenker’s diverticulum. A. Spot 
radiograph with the patient in the frontal 
position demonstrates a 3 cm barium-filled sac 
(large arrowhead), midline below the tips of 
the piriform sinuses (right piriform sinus 
identified by arrow — P). B. Spot radiograph 
obtained with the patient in a right lateral 
position demonstrates the barium-filled sac 
(arrowhead) posterior to the expected course 
of the cervical esophagus. The 7 mm in height 
neck of the diverticulum (long arrow) is filled 
with barium. The tip of the epiglottis is 
identified (small arrow) in A and B. 


Fig. 1.14 Zenker’s diverticulum during swallowing. A. Image obtained with the patient in a right lateral position as the bolus passes through the 
hypopharynx into the esophagus. Barium fills a 3cm sacculation (Z) behind the posterior wall of the pharyngoesophageal segment and uppermost 
cervical esophagus (the “cricopharyngeal bar") (thin arrows). The opening of the Zenker’s diverticulum (double arrow) is wide, more than 2cm in height. 
The C6 vertebral body (6) is identified. Barium penetrates the laryngeal vestibule (arrowhead) due to diminished epiglottic inversion (short arrow). B. After 
the swallow has just passed, the pharynx descends - compare the location of the Zenker’s diverticulum (Z) during swallowing in A and after swallowing 
in B in relation to the C6 vertebral body (6). The long cricopharyngeal bar (thin arrows) is composed of fibers of the cricopharyngeus and the upper 


cervical esophagus. 


infection. Lymphoid hyperplasia of the lingual tonsil is diag- 
nosed radiographically when prominent, smooth, round or 
ovoid nodules uniformly carpet the vertical surface of the 
tongue (Fig. 1.16). It is difficult, however, to distinguish the 
dividing line between the normal appearance of the lingual 
tonsil and lymphoid hyperplasia. Lymphoid hyperplasia may 
appear mass-like in the lateral view. Any focal, asymmetric 
mucosal nodularity of the pharynx must be investigated, how- 
ever, for the possibility of tumor. 

Barium swallows are not usually performed in patients 
with acute sore throats. In immunocompromised patients, 
however, barium studies are performed to exclude infectious 
esophagitis. In these patients, candida pharyngitis is not infre- 
quently discovered (Fig. 1.17). 

Chronic scarring may be caused by a variety of diseases 
that involve the squamous mucosa. For example, chronic 


pharyngeal scarring is seen in benign mucous membrane 
pemphigoid and in patients with erythema multiforme. 
Pharyngeal scarring is also seen in patients who have previ- 
ously ingested lye (Fig. 1.18). 

Cervical esophageal webs are common findings, found in 
16% of adults at autopsy.*' The pathogenesis of webs is 
probably related to a variety of inflammatory conditions, 
including chronic gastroesophageal reflux, radiation therapy, 
and unusual inflammatory conditions such as Behcet’s 
disease, epidermolysis bullosa, or erythema multiforme.*”** 
Symptoms usually occur when webs narrow the lumen by at 
least 50%.°”** Radiographically, a thin, radiolucent bar is seen 
on the anterior wall or encircling the upper cervical esophagus. 
Obstruction is implied by dilatation of the lumen superior to 
the web and the “jet phenomenon,” a spurt of barium through 
the web (Fig. 1.19). 
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Fig. 1.16 Lymphoid 
hyperplasia, base of 
tongue. Spot radiograph 
obtained with the patient 
in a frontal view. The 
vertical surface of the 
tongue (T) is carpeted by 
many smooth, ovoid 

3-5 mm shallow nodules 
separated by barium- 
filled grooves. The 
nodules are smooth, 
relatively uniform in size, 
and are uniformly 
distributed. It is difficult 
to determine when there 
is anormal appearance of 
the lingual tonsil versus 
lymphoid hyperplasia. 


Benign and malignant tumors 


Barium studies cannot be used to screen for pharyngeal 
malignancy, as small, flat tumors can be missed in areas of 


Fig. 1.15 Killian-Jamieson diverticulum. A. Spot 
radiograph obtained with the patient in a frontal 
position shows a 1.5 x 2cm barium-filled sac (K) 
connected to the left lateral wall of the proximal 
cervical esophagus by a thin neck (long arrow). The 
level of the cricopharyngeus is identified 
(arrowhead). The tip of the left piriform sinus (P) is 
mildly ballooned indicating muscle weakness. B. 
Spot radiograph obtained with the patient in a right 
lateral position shows that the diverticulum (K) 
overlies anterior and posterior to the course of 
pharyngoesophageal segment (arrowhead) and 
cervical esophagus (thin arrow). The location of the 
diverticulum gives rise to its alternative name: 
proximal lateral cervical esophageal diverticulum. 


normal mucosal nodularity in the palatine or lingual tonsils 
especially when lymphoid hyperplasia is present.*? Barium 
studies are equal to endoscopy, however, in areas of flat mucosa 
below the pharyngoepiglottic fold.” Barium studies visualize the 
depths of the valleculae and piriform sinuses and the pharyngo- 
esophageal segment better than endoscopy. In patients with 
known pharyngeal cancer, barium studies are useful for demon- 
strating preoperative anatomy, to establish baseline motility if 
radiation therapy or a voice-sparing surgery is to be performed, 
and to evaluate the esophagus for a synchronous primary squa- 
mous cell carcinoma or gastroesophageal reflux. 

When a mass or ulcer is present, the contour of the pharynx 
is altered (Fig. 1.20). An elevated mucosal mass replaces the 
normal contour with soft tissue density and a nodular, lobulated 
contour is seen in the expected air space of the pharynx.” En 
face, the normally smooth mucosa is replaced by barium-etched 
nodules, plaques, and small ulcers (Fig. 1.21). If the tumor is 
depressed or ulcerated, the irregular contour of the mass is 
outside the expected luminal contour (see Fig. 1.20) and the 
surface of the tumor is irregular. Loss of distensibility indicates 
direct invasion by tumor or neural damage. Impaired epiglottic 
tilt or constrictor function often results in laryngeal penetration 
or aspiration. 

The most common benign tumor of the pharynx is a 
squamous retention cyst, most frequently found on the deep 
base of the tongue or in the aryepiglottic folds.**”? These cysts 
appear radiographically as round or hemispheric smooth-sur- 
faced polypoid lesions (Fig. 1.22). 

Squamous cell carcinoma accounts for about 90% of pha- 
ryngeal malignancy, lymphoma about 10%.*? Squamous cell 
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Fig. 1.17 Candida pharyngitis. Spot radiographs obtained with the patient in a frontal (A) and right lateral (B) position. Numerous tiny nodules carpet the 
surface of the pharynx. Barium coating of the laryngeal vestibule and ventricle (thin arrow in B) resulted from abnormal epiglottic tilt. C. The patient was treated 
for candida pharyngitis. Spot radiograph obtained with the patient in a right lateral position during an upper gastrointestinal series being performed for peptic 
ulcer disease 2 months after A and B. The pharynx is normal. The plaques have disappeared. Barium no longer coats the laryngeal vestibule or ventricle, as 


epiglottic tilt returned to normal. 


carcinoma can be found anywhere in the pharynx, but most 
frequently arises on the surface of the palatine tonsil. Thus, 
whenever a mucosal-appearing tumor is seen in the adult 
pharynx, squamous cell carcinoma is the first radiologic 
diagnosis (Figs. 1.23-1.25). Although lymphoma is a tumor 
arising in the submucosa, the overlying squamous mucosa is 
very thin, therefore lymphoma also appears as a nodular 
mucosal mass in some patients (Fig. 1.26). Lymphoma arises 
in the lymphoid tissue of Waldeyer’s ring: the adenoids, 


Fig. 1.18 Epiglottic scarring from corrosive 
ingestion. The patient had ingested a corrosive 
substance as a toddler 20 years previously. Spot 
radiographs obtained with the patient in a frontal 
(A) and right lateral (B) position. The epiglottic tip is 
short (thin arrowhead in (B) and ptotic. The flat 
position of the epiglottis is manifested as unusually 
good visualization of the epiglottis in the frontal 
view (thin arrows in (A). The right piriform sinus is 
truncated due to scarring (thick arrowhead in (A) 
and a thick radiolucent bar due to scarring crosses 
the left piriform sinus (thick arrow in (A). Abnormal 
epiglottic tilt results in barium penetrating the 
larynx, resulting in barium coating of the laryngeal 
vestibule and proximal trachea. 


palatine, and lingual tonsils. Rare malignancies include ade- 
noid cystic carcinoma, Kaposi’s sarcoma,”° synovial sarcoma, 
melanoma, and tumors arising in minor salivary glands. 


Radiation damage 

Acute mucositis and submucosal edema usually resolve within 
2-6 weeks after cessation of radiation therapy. Pharyngography 
is used to help explain persistent or recurrent symptoms in 


Chapter 1: Pharynx 


patients who have been irradiated. Radiation change is manifest 
as smooth-surfaced enlargement of the soft palate, epiglottic tip 
and aryepiglottic folds, and elevation of the mucosa overlying 
the muscular processes of the arytenoid cartilages (Fig. 1.27). 
The normally rounded contour of the valleculae is flattened by 
mucosal swelling. The laryngeal aditus is narrowed. Tongue and 
soft palate motion may be abnormal (Fig. 1.28). Epiglottic tilt 
varies from diminished to absent resulting in laryngeal penetra- 
tion (Fig. 1.29). Pharyngeal contraction varies from diminished 
to absent resulting in stasis with possible overflow aspiration. 


Fig. 1.19 Cervical 
esophageal web. Spot 
radiograph obtained 
with the patient in a right 
lateral position shows a 
thin radiolucent bar (thin 
arrows) encircling about 
80% of the lumen of the 
upper cervical esophagus 
(©). A “jet” of barium 
(thick arrow) spurts 
through the web, 
indicating partial 
obstruction. 


Radiation therapy may also result in web (Fig. 1.30) or stricture 
formation. Persistent or recurrent tumor is manifested as focal 
mucosal nodularity.*" 


Postoperative pharynx 

The radiologist should be familiar with the myriad of oper- 
ations performed for laryngeal and pharyngeal disorders and 
their complications (see Table 1.4). The ordering physician 


Fig. 1.21 Squamous cell carcinoma, right lateral pharyngeal wall. Spot 
radiograph with patient in a right lateral position demonstrates a large 
lobulated mass (arrows) on the lateral pharyngeal wall. The mass extends 
medially to involve the right aryepiglottic fold (arrowheads). The surface of the 
tumor has many variably sized ovoid to round radiolucent nodules with 
barium in the tumor interstices. 


Fig. 1.20 Ulcerated squamous cell 
carcinoma, tip of left piriform sinus. A. Spot 


radiograph obtained with 


he patient in the 


frontal position. The left piriform sinus is 


expanded. The contour of 
of the left piriform sinus is 
B. With the patient in the 
ulcerated lesion is manifes 
irregular barium-filled spac 


the medial and tip 
irregular (arrows). 
ateral view, an 

ed as a 1cm 

e (arrow). This 


tumor was missed at the original ENT exam 


and missed on the origina 


CT report. 
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Fig. 1.22 Retention cyst, mucosa overlying muscular process of right 
arytenoid cartilage. Spot radiograph obtained with patient in a frontal 
position shows a 1.5cm ovoid, smooth-surfaced, sharply edged mass (arrows). 


Fig. 1.24 Squamous 
cell carcinoma in 
laryngeal vestibule. 
Spot radiograph 
obtained with patient in 
a right lateral position 
shows a finely lobulated 
mass (arrows) arising 
from the anterior wall of 
the mid laryngeal 
vestibule just below the 
level of the petiole of the 
epiglottis. The vocal 
cords (arrowhead), 
coated by aspirated 
barium, are spared. 


should provide a detailed history to help the radiologist in these 
postoperative patients. In the early postoperative period, phar- 
yngography will demonstrate fistula formation. If the vocal 
cords have been spared, aspiration is also possible. Tongue 
dysfunction may be due to partial resection, scarring/immo- 
bility, or hypoglossal nerve damage. Constrictor dysfunction 
may be present. In the remote postoperative period, a phar- 
yngogram may demonstrate stricture formation, tongue or 
constrictor muscle dysfunction, nasal regurgitation, or recur- 
rent tumor. If the vocal cords have been spared, aspiration is 
often present. 


Fig. 1.23 Squamous 
cell carcinoma, 
epiglottis. Spot 
radiograph obtained with 
the patient in a right 
lateral position. The 
epiglottis is markedly 
expanded by a mass 
(arrows) with a coarsely 
nodular surface. The 
tumor involves the 
vestibular surface of the 
epiglottis (arrowhead). 


Fig. 1.25 Squamous 
cell carcinoma, 
pharyngoesophageal 
segment. A mass (long 
arrows) expands the 
lumen of the lower 
hypopharynx and 
pharyngoesophageal 
segment. A barium-filled 
ulcer is seen in the center 
of the mass (short arrow). 


Fig. 1.26 Non- 
Hodgkin's lymphoma, 
base of tongue. Spot 
radiograph obtained with 
he patient in a lateral 
position reveals a 
lobulated mass involving 
he vertical surface of the 
congue (arrowheads). The 
umor obliterates the 
valleculae (thick arrow) and 
extends anteriorly to 
invade the epiglottic tip 
‘thin arrows). 
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Fig. 1.27 Radiation 
changes. Spot 
radiograph obtained with 
the patient in a frontal 
position demonstrates an 
enlarged, smooth 

iglottis (thin arrows), 
flattening of the 
valleculae (right vallecula 
identified — V), widening 
of the aryepiglottic folds 
(left aryepiglottic fold - A), 
elevation of the mucosa 
overlying the muscular 
process of the right 
arytenoid cartilage (M), 
and ballooning (implying 
weakness) of the tip of 
the right piriform 

sinus (P). 


D 
ge 


Total laryngectomy 


During total laryngectomy, the surgeon removes the thyroid, 
epiglottic, and cricoid cartilages, the aryepiglottic folds, the aryt- 
enoid cartilages and the vocal folds, and the anterior walls of the 
piriform sinuses, and usually the hyoid bone. The middle con- 
strictor is incised and the thyropharyngeus is cut from the thy- 
roid cartilage and the cricopharyngeus from the cricoid cartilage. 
The result is that the anterior and some of the lateral walls of the 
pharynx are lost. The remaining muscles and mucosa are 
approximated anteriorly and anchored superiorly to the base of 
the tongue. If there is insufficient mucosa to create a neophar- 
yngeal tube, a free flap, myocutaneous or skin graft, may be used. 
A concomitant radical neck dissection and partial thyroidectomy 
may also be performed. 

Radiographically, the neopharyngeal tube resembles an 
inverted cone (Fig. 1.31).“ The junction at the base of the 
tongue may be angulated or sacculated, but the mucosa is 
smooth. The diameter of the neopharyngeal tube is about 1- 
2.5cm and the tube is about 0.5-1cm from the anterior 
margin of the C3-C6 vertebral bodies. The neopharyngeal 
tube is not deviated more than 0.5-1cm from the midline.” 
A fold of tissue on each upper lateral wall angles to the 


Fig. 1.28 Radiation change with nasal 
regurgitation. The patient is in a right lateral 
position. A. Radiograph obtained during 
swallowing demonstrates barium entering 
the lower nasopharynx (arrow). The bolus has 
just reached the upper hypopharynx. The 
hyoid bone has elevated up underneath the 
mandible (arrow — H); the true vocal cords 
(arrowhead) are elevated. The C5 vertebral 
body is identified (5). B. Spot radiograph 
obtained during phonation. The soft palate is 
enlarged and bulbous (arrow) but the uvula 
has been truncated. The epiglottis (E) is 
enlarged and smooth. Aspirated barium coats 
the laryngeal vestibule and laryngeal 
ventricle. The bottom of the true vocal cords 
is identified. Note the position of the hyoid 
bone (arrow - H) and vocal cords (white 
arrow) in comparison to A. 


Fig. 1.29 Abnormal epiglottic tilt due to 
radiation change. A. Image obtained with 
the patient in a right lateral position, during 
swallowing. The smooth, but markedly 
thickened epiglottis is not tilting (arrows). 

B. Spot radiograph obtained during 
phonation reveals a large, smooth epiglottis 
(short arrows). The mucosa overlying the 
muscular processes of the arytenoid 
cartilages is elevated (long arrow). Barium has 
entered the trachea. 
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Table 1.4 Common postoperative complications 


Early postoperative period 


Wound breakdown 


Fistula formation 
Abscess (wound or fistula) 


Aspiration/pneumonia 


Airway obstruction (edema) 


Constrictor muscle 
dysfunction 


Tongue dysfunction 
Hematoma 

Mediastinitis 

Thoracic duct or carotid artery 
injury 


Remote postoperative 
period 


Hoarseness (if vocal folds 
preserved) 


Aspiration 
Stricture formation 


Constrictor muscle 
dysfunction 


Tongue dysfunction 


Recurrent tumor 


Velopharyngeal leak 


Failure of flap or jejunal graft 


Stomal stenosis 


Stomal tumor recurrence 
ypoparathyroidism 
ypothyroidism 


Fig. 1.30 Cervical esophageal web after radiation therapy. Radiograph 

obtained as the bolus passes into the cervical esophagus shows a thick web 
(thick arrow) occluding about 75% of the AP luminal diameter of the cervical 
esophagus. The epiglottis is bulbous, but has inverted (thin arrow). 


Fig. 1.31 Total laryngectomy with leak at voice prosthesis. A. Spot radiograph with patient in frontal position shows a tubular-shaped neopharynx (arrows). 
The left “pseudovallecula” (arrowhead) is a barium collection at the junction of the base of the tongue with the neopharyngeal tube. This space can often have 

an irregular contour, without being a leak. B. Radiograph obtained with the patient in a right lateral position as the barium bolus is passing through the neopharyngeal 
tube (arrows) demonstrates a featureless tubular-shaped neopharynx. C. Radiograph centered at level of patient's clavicles obtained as barium passes through the 
cervical and upper thoracic esophagus demonstrates barium leaking into the trachea (arrowheads) through a voice prosthesis. The tubular portion of the prosthesis 
(short arrow) is coated by barium. The intraesophageal portion of the prosthesis abnormally bulges the esophageal mucosa into the lumen (long arrow). 


tongue base, mimicking the angle of the epiglottis, hence the 
term “pseudoepiglottis.” 

Pharyngocutaneous fistulas develop at surgical junction 
lines: the base of the tongue, the anterior wall of the 


neopharyngeal tube (Fig. 1.32), along the margin of a graft, 
at the junction with cervical esophagus, and near the tracheos- 
tomy. A fistula in the remote postoperative period may be due 
to radiation therapy, iatrogenic trauma, or recurrent tumor. 
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Fig. 1.32 
Pharyngocutaneous 
fistula after total 
laryngectomy. Spot 
radiograph obtained using 
water-soluble contrast with 
he patient in a right lateral 
position shows a contrast- 
illed track (arrow) arising 
rom the anterior junction 
ine of the neopharyngeal 
ube. The leak spreads 
vertically (arrowheads) in 
he subcutaneous tissue. 

A nasogastric tube and a 
racheostomy tube are 
present. 


Fig. 1.34 Long 
stricture 
neopharyngeal tube. 
Spot radiograph 
obtained with the 
patient in a right lateral 
position shows a long, 
smooth stricture of the 
neopharyngeal tube 
(arrowheads). A web-like 
region narrows stricture 
at its upper margin 
(arrow). 


Fig. 1.33 Bagel stuck 
above short stricture 
after total 
laryngectomy. Image 
obtained with the patient 
in a steep, right posterior 
oblique view. A 1cm 
intraluminal, ovoid 
radiolucent filling defect 
with a lobulated surface 
(thick arrow) is stuck 
above a 4mm in length 
by 1mm in luminal 
diameter stricture (thin 
arrow) at the junction of 
the neopharyngeal tube 
and the cervical 
esophagus. A voice 
prosthesis slightly 
protrudes into the 
esophageal lumen 
(arrowhead). 


Fig. 1.35 Recurrent 
squamous cell 
carcinoma after total 
laryngectomy. Spot 
radiograph obtained with 
patient in a frontal 
position shows lobulated 
mucosa in the right 
pseudovallecula and 
right lateral 
neopharyngeal wall 
(arrows). 
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Fig. 1.37 Uvulopalatoplasty. Radiograph obtained at the beginning of 
swallowing reveals a truncated soft palate (long arrow). The elevating soft palate 
does not appose the posterior pharyngeal wall, resulting in nasal regurgitation. 
Barium coats the salpingopharyngeal fold (short arrow). 


Given the relative lack of tissue to create the neopharyn- 
geal tube, a stricture is defined as a luminal narrowing 
<6mm. Strictures are measured by placing an object of 
known size the same height from the fluoroscopic table top 
as the mid neck, rather than by swallowing a barium tablet. 
Short, web-like strictures at the upper or lower margins of the 


Fig. 1.36 Supraglottic laryngectomy. A. 
Spot radiograph obtained with the patient in a 
frontal position shows conspicuous mucosa 
overlying the muscular processes of the 
arytenoid cartilages (arrows) and barium 
coating the vocal folds (right true cord 
identified by arrowhead). B. Spot radiograph 
obtained with the patient in a right lateral view 
shows elevation of the muscular processes of 
the arytenoid cartilages (arrow) to a level 
opposite the lower base of the tongue. The 
epiglottis is not visible, as it has been resected. 
The anterior commisure (arrowhead) is pulled 
up to the base of the tongue. 


Fig. 1.38 Zenker’s 
diverticulum after 
endoscopic division of 
the anterior wall of the 
pharyngoesophageal 
segment. Radiograph 
obtained during barium 
drinking with the patient 
in a slightly oblique, near 
ateral position. The 
cricopharyngeal “bar” 
(arrows) (representing 
ibers of cricopharyngeus 
and upper cervical 
esophagus) is shorter 
han its preoperative 
state, but still remains 
and markedly narrows 
he lumen of the 
pharyngoesophageal 
segment. The lower 
portion of the Zenker's 
diverticulum (Z) balloons 
out and shows stasis. 


tube usually are due to healed leaks/postoperative change 
(Fig. 1.33). Long (>3cm), tapered, smooth strictures are 
usually due to radiation change or insufficient mucosa when 
the neopharyngeal tube was created (Fig. 1.34). If a stricture 
is asymmetric, has nodular mucosa, or the pharynx is devi- 
ated from the midline, recurrent tumor should be suggested 
(Fig. 1.35). 

Retraction or denervation of the thyropharyngeus or cri- 
copharyngeus muscle may result in functional obstruction of 
the neopharyngeal tube. Radiographically, a smooth-surfaced 
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extrinsic mass impression is seen on the posterior neopharyn- 
geal wall. The mass changes size, shape, and position with 
swallowing. 

Recurrent squamous cell carcinoma is manifested as either 
focal mucosal nodularity (see Fig. 1.35) or ulceration, a short 
1-3 cm stricture with nodular mucosa, or as a focal mass larger 
than 1.5cm with a nodular surface that deviates the neopha- 
ryngeal tube from midline. 


Supraglottic laryngectomy 

A variety of voice-sparing procedures are performed.*** In a 
supraglottic laryngectomy (horizontal hemilaryngectomy/ 
supracricoid laryngectomy), the false vocal cords, epiglottis, 
a variable amount of thyroid cartilage, and hyoid bone 
are removed. One arytenoid cartilage may be removed. 
The remaining larynx is pulled superiorly to the base of 
the tongue. The free edge of the piriform sinus is pulled 
anteromedially, creating a fold superior to the ipsilateral 
vocal cord. Radiographically, the preserved vocal cords are 
just inferior to the base of the tongue.“ The epiglottis and 
aryepiglottic folds are absent (Fig. 1.36). Barium is usually 
aspirated, outlining the mucosa overlying the muscular pro- 
cess of the arytenoid cartilage(s) and the true vocal cords. In 
contrast to total laryngectomy, communication with the 


airway remains. This may result in aspiration pneumonia 
or airway obstruction. 


Other procedures 


Description of the variety of surgical approaches for tongue and 
oropharyngeal tumors is beyond the scope of this book. Abnor- 
mal tongue motion may be due to loss of volume, adhesions, or 
damage to the hypoglossal nerve. Abnormal tongue motion 
results in stasis in the oral cavity resulting in abnormal timing 
between the oral and pharyngeal phase with subsequent laryngeal 
penetration. Abnormal elevation of the pharynx and larynx or 
epiglottic tilt may result from surgical transection of various 
suprahyoid muscles. Diagnosis of recurrent tongue tumor is 
difficult radiographically, as postoperative tongue deformity is 
the norm. If a partial palatectomy has been performed, nasal 
regurgitation may be seen (Fig. 1.37). An oronasal or sinonasal 
fistula may be present. 

A wide variety of procedures for Zenker’s diverticulum are 
performed, including endoscopic dilatation or cricopharyngeal 
myotomy,***° diverticulopexy with cricopharyngeal myotomy, 
or diverticulectomy with cricopharyngeal myotomy. The radi- 
ologist evaluates the pharynx for the amount of opening of the 
cricopharyngeus or stasis in the diverticulum if it has not been 
resected (Fig. 1.38), as well as leaks. 
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The esophagus and upper gastrointestinal tract may be 
evaluated by single or double contrast barium studies. 
Single contrast examinations rely primarily on barium 
filling of the lumen and mucosal relief, whereas double 
contrast examinations are, in truth, biphasic studies that 
incorporate single and double contrast techniques to opti- 
mize diagnostic efficacy.’ Finally, the esophagus and upper 
gastrointestinal tract may be evaluated with water-soluble con- 
trast agents in patients with suspected perforation. Individual 
fluoroscopists undoubtedly develop their own particular 
routines for these studies. This chapter presents general 
principles for performing barium examinations as well as 
specific techniques representative of the two major 
approaches (single and double contrast) for evaluating the 
esophagus and upper gastrointestinal tract. 


Fig. 2.1 Full-column 
imaging for depiction 
of luminal narrowing. 
A prone, right anterior 
oblique single contrast 
spot image shows a 
typical Schatzki ring 
(arrow) at the 
gastroesophageal 
junction. The ring is 
readily visualized because 
of barium distending the 
esophagus above and 
hiatal hernia below this 
structure. 


Examination of the esophagus, stomach, and 
duodenum: techniques and normal anatomy 


General principles 
Single contrast technique 


Single contrast evaluation of the upper gastrointestinal tract 
entails the use of a moderately low-density barium suspen- 
sion (50 to 100% w/v). Single contrast techniques include 
observation of function, full-column imaging, compression 
views, and mucosal relief views.” Function is best assessed 
in the absence of pharmacologic agents that could affect 
gastrointestinal motility. 

Full-column imaging of the distended esophagus, stomach, 
and duodenum is ideal for showing focal areas of narrowing 
(Fig. 2.1), large neoplasms, and depressed lesions (ulcers and 
diverticula) projecting in profile (Figs. 2.2 and 2.3).”? However, 
small protruded lesions (polyps and plaque-like tumors) or 
depressed lesions (ulcers) may not be visible en face because 
they are obscured by the overlying barium pool (Fig. 2.4A). 
Compression views are therefore a critical component of the 
single contrast study, as these views enable visualization of 
such lesions by adequately thinning or displacing the barium 


Fig. 2.2 Full-column imaging for depiction of ulcers. A supine, right 
posterior oblique single contrast spot image shows a tiny, benign ulcer 
(arrow) projecting in profile from the lesser curvature of the gastric body. 
Even small ulcers can be visualized on single contrast studies when viewed in 
profile. 
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pool (Fig. 2.4B).” Graded manual compression can be applied 
with a compression balloon when the patient is prone and with 
the compression device on the fluoroscope or a lead glove 
when the patient is supine. 

Mucosal relief views of the collapsed esophagus or stom- 
ach are useful for visualizing esophageal and gastric folds 
(Fig. 2.5). Various abnormalities (including esophagitis, gas- 
tritis, varices, and certain tumors) may be recognized on 
mucosal relief views by the presence of thickened, lobulated, 
or serpiginous folds. 


Double contrast technique 


When a double contrast study is performed on the upper 
gastrointestinal tract, the term double contrast is misleading, 


Fig. 2.3 Full-column 
imaging for depiction 
of diverticula. A prone, 
right anterior oblique 
single contrast spot 
image shows an 
epiphrenic diverticulum 
(arrows) projecting in 
profile from the posterior 
wall of the distal 
esophagus. Note how 
the diverticulum has a 
discrete neck. 


as this study actually represents a biphasic examination that 
includes double contrast views using high-density barium as 
well as single contrast views using relatively low-density 
barium and graded compression. Such an approach opti- 
mizes the diagnostic value of the procedure by providing 
information obtained from a combination of double and 
single contrast views with distention, compression, and 
mucosal relief.’ 

The double contrast examination is designed to coat the 
mucosal surface with a thin layer of high-density barium while 
the lumen is distended with gas.’ The routine double contrast 
upper gastrointestinal study should include the esophagus, 
stomach, and duodenum all the way to the duodenojejunal 
junction. A pharmacologic agent such as glucagon is routinely 
given intravenously to induce gastric hypotonia, as it is much 
easier to detect protruded or depressed lesions when gastric 
peristalsis has been eliminated and the stomach is fully dis- 
tended.’ Another benefit of glucagon is that it delays emptying 
of barium from the stomach, so this structure is less likely to 
be obscured by overlapping loops of barium-filled duodenum 
and small bowel. 

It should be recognized that the upper gastrointestinal 
tract does not always need to be examined in anatomic 
sequence. Depending on the clinical history, the fluoroscopist 
may first elect to examine the antrum, pylorus, and duode- 
num, so these structures can be evaluated before there is 
substantial overlap with the adjoining duodenum. Similarly, 
in cases in which the pharynx needs to be evaluated, it may 
be preferable to perform the pharyngeal study after the 
upper gastrointestinal study has been completed. When an 
abnormality is detected, the routine examination can also be 
modified to focus on the pathologic findings. With experi- 
ence, the fluoroscopist therefore learns to tailor the double 
contrast study based on the patient’s presenting symptoms, 
the anatomic configuration, and, most of all, the findings at 
fluoroscopy. 


Fig. 2.4 Value of prone compression for 
depiction of anterior wall ulcers. A. Initial prone 
single contrast spot image of the duodenal bulb 
(arrows) with inadequate compression shows no 
definite abnormality in this region. B. A repeat view 
with better compression shows a tiny anterior wall 
duodenal ulcer (arrow) previously obscured by the 
barium pool. (Note the radiopaque rim of the 
prone compression paddle in A and B.) 
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Fig. 2.5 Normal 
longitudinal folds in 
the esophagus. 

A mucosal relief view 
of the collapsed 
esophagus shows the 
normal folds as thin, 
delicate structures no 
more than several 
millimeters in width. 


Water-soluble contrast technique 


A water-soluble contrast agent is generally employed when the 
esophagus, stomach, or duodenum are evaluated to rule out 
perforation.’ Unlike barium, water-soluble contrast agents 
have no deleterious effects on the mediastinum or peritoneal 
cavity when perforation is present. Water-soluble contrast 
agents are also absorbed rapidly (usually within 24 to 48 
hours), whereas barium may persist indefinitely in the medi- 
astinum or peritoneal cavity, potentially limiting follow-up 
studies to assess healing of a previously documented perfor- 
ation. On the other hand, barium is denser and more radi- 
opaque than water-soluble contrast material, so subtle leaks are 
more easily demonstrated. Studies have shown that low-dens- 
ity (60 to 100%w/v) bariums can detect 22 to 38% 
of perforations and high-density (250% w/v) bariums can 
detect as many as 50% of perforations missed with water- 
soluble contrast agents. As a result, it has been recom- 
mended that patients with suspected upper gastrointestinal 
tract perforations initially be given a water-soluble contrast 
agent. If no leak is detected, the fluoroscopic examination 
should immediately be repeated with high-density barium to 
rule out subtle perforations missed with water-soluble contrast 
agents (see Figs. 3.58 and 4.60).° 


This approach for evaluating suspected perforations 
has one caveat. If the patient is at risk for aspiration, the 
advantages of a water-soluble contrast agent are offset by the 
high osmolality of this agent, as aspirated water-soluble 
contrast material can draw fluid into the lungs, occasionally 
causing severe, even life-threatening pulmonary edema.’ In 
contrast, barium is an inert substance that has no deleterious 
effects if aspirated into the airway. In patients at high risk for 
aspiration, barium should therefore be used as the initial 
contrast medium to avoid complications associated with 
aspiration of a water-soluble contrast agent. If the examin- 
ation is initially performed with a water-soluble contrast 
agent, the fluoroscopist must always be cognizant of the 
dangers associated with aspiration of this agent, observing 
the pharynx carefully and aborting the study if aspiration 
occurs. 


Materials 


Barium suspensions 

A high-density (250% w/v) barium suspension (E-Z-HD; 
Bracco Diagnostics) is routinely employed for double contrast 
esophagography and double contrast studies of the upper 
gastrointestinal tract. The preparation of this barium is critical, 
as even slight deviations in concentration can impair the quality 
of mucosal coating and cause artifacts.® In contrast, a relatively 
low-density (100% w/v) barium suspension is employed for 
single contrast examinations and also for the second phase of 
the double contrast examination. 


Effervescent agents 


Various effervescent agents are available in powder or granu- 
lar form. These agents release 300 to 400 ml of carbon dioxide 
on contact with fluid in the stomach, causing the stomach to 
distend immediately with gas.’ With effervescent granules, 
the patient is asked to toss the granules from a tiny cup onto 
the back of the tongue and to swallow them quickly with 
20 ml of water, so the effervescent agent does not dissolve in 
the mouth. If patients are standing beside the fluoroscopy 
table, they should be turned into a lateral position to avoid 
hitting their occiput on the table when they tilt their head 
back to swallow the effervescent agent. Afterwards, patients 
are instructed to avoid belching by swallowing their saliva. If 
patients do lose some of the gas because of belching, a second 
dose of effervescent agent can be administered to adequately 
distend the stomach. 


Pharmacologic agents 


The use of a hypotonic agent to relax the stomach and 
duodenum produces a better double contrast study by 
eliminating peristalsis and enabling these structures to be 
evaluated while they are fully distended. In the United 
States, glucagon is an ideal hypotonic agent that should be 
employed routinely for upper gastrointestinal tract studies. 
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An intravenous injection of 0.1 mg of glucagon almost imme- 
diately produces a short-lived hypotonic state.’° The gluca- 
gon should be administered slowly over 30 seconds, as a rapid 
injection may cause transient nausea and vomiting.’ If, for 
any reason, glucagon cannot be administered intravenously, 
it can instead be given subcutaneously to induce a hypotonic 
state. Although the drug will not take effect as quickly, this is 
preferable to spending an inordinate amount of time trying to 
access difficult veins. 

The presence of a pheochromocytoma is an absolute con- 
traindication for administration of glucagon, which can pro- 
voke a hypertensive crisis in these patients. Glucagon should 
also be avoided in brittle diabetics, especially those with recent 
ketoacidosis. Glucagon also is not used for single or double 
contrast esophagography, as it has no effect on esophageal 
peristalsis. However, glucagon does cause the lower esophageal 
sphincter to relax, potentially resulting in spurious gastro- 
esophageal reflux.’* Finally, glucagon should not be given to 
diabetics with nausea and vomiting, as its hypotonic effect on 
the stomach prevents assessment of gastroparesis as a possible 
cause of the patient’s symptoms. 


Radiography 

Most modern radiology departments have digital fluoroscopic 
units, enabling the radiographs to be obtained as digital spot 
images that are archived on a central PACS and interpreted at 
a computer workstation. The advantages of digital systems - 
better contrast resolution, shorter exposures, faster examin- 
ations, and more rapid patient throughput - are well 
recognized." Digital storage of images also enables easy retrieval 
of previous studies and eliminates the possibility of “lost films”. 

The major limitation of digital fluoroscopy is lower spatial 
resolution than conventional fluoroscopy.'* Despite this lower 
resolution, published data indicate that the diagnostic abilities of 
digital equipment are comparable to those of conventional equip- 
ment for gastrointestinal imaging.'*’° Thus, digital imaging 
systems are capable of providing the clarity and resolution 
needed to achieve high-quality double contrast examinations. 

When double contrast studies are performed with digital 
fluoroscopic units, rapid image acquisition provides the fluor- 
oscopist a greater window of opportunity for obtaining expos- 
ures that show the pertinent findings. This window of 
opportunity becomes especially crucial for double contrast 
views of the esophagus because of the relatively brief period 
of optimal esophageal coating and distention. 

Another advantage of digital fluoroscopy is an improved 
ability to detect morphologic abnormalities such as strictures 
and tumors in the cervical esophagus (Fig. 2.6). Because 
barium normally traverses the cervical esophagus about 
10 times faster than it does the thoracic esophagus, it is often 
difficult to capture these lesions on spot images owing to the 
lag time between pressing the exposure trigger and obtaining 
the actual image. This problem can be circumvented on digital 
fluoroscopic units by rapid sequence imaging with the controls 


Fig. 2.6 Value of 
digital fluoroscopy 
with rapid sequence 
imaging for depiction 
of abnormalities in the 
cervical esophagus. 

A frontal spot image 
shows a broad, flat 
depression (arrows) 
secondary to ectopic 
gastric mucosa on the 
right lateral wall of the 
cervical esophagus just 
above the thoracic inlet. 
This lesion was only 
visualized as the patient 
swallowed a bolus of 
high-density barium 
during rapid sequence 
imaging. (Reproduced 
with permission from Lee 
J, Levine MS, Schulz CF. 
Ectopic gastric mucosa in 
the esophagus 
mimicking ulceration. 
Eur J Radiol 1997; 
31:197-200) 


set at three exposures per second. This technique should be 
employed when abnormalities are suspected in the cervical 
esophagus at fluoroscopy and documentation of these abnor- 
malities is required. 

Digital equipment also allows for greater quality control of 
the fluoroscopic study. Every digital exposure is captured on 
the monitor as a frozen image until fluoroscopy is resumed.'* 
The radiologist therefore has the opportunity to review each 
image on the monitor to determine whether the fluoroscopic 
findings have been adequately shown. If any questionable 
abnormalities are encountered, additional images can immedi- 
ately be obtained to resolve this uncertainty. 


Routine techniques 


For routine examinations of the esophagus or upper gastrointes- 
tinal tract, the patient is instructed to take nothing by mouth after 
midnight the preceding day. The patient also should not chew gum 
or smoke cigarettes prior to the study to avoid stimulating secre- 
tions that could potentially compromise mucosal coating by 
ingested barium. Prior to starting the examination, patients should 
be asked to give a brief history about the specific nature of their 
symptoms and whether or not they have had any previous surgery 
on the upper gastrointestinal tract that could affect the way in 
which the study is performed. If glucagon is employed, it should 
be administered immediately after the history has been obtained. 


Double contrast esophagography 


A complete double contrast esophagogram includes evaluation 
of the pharynx, esophagus, and gastric cardia and fundus.'° The 
pharynx should be examined using videos or DVDs to assess 
swallowing function, and frontal and lateral double contrast 
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Fig. 2.7 Double 
contrast 
esophagogram. An 
upright, left posterior 
oblique double contrast 
spot image of the distal 
esophagus shows a 
smooth, homogeneous 
appearance en face with 
a thin, white line etching 
the esophagus in profile. 
(Reproduced with 
permission from 
reference 1) 


spot images of the pharynx to assess pharyngeal morphology 

(see Chapter 1). The cup of high-density barium may be split in 

two, using the first half for the pharyngeal examination and the 

second half for the esophageal examination. After the pharyn- 
geal portion of the study has been completed, the esophageal 
portion may be performed by the following series of steps: 

1. The patient ingests an entire packet of effervescent granules 
or “fizzies” followed immediately by 10 ml of water to 
distend the stomach with gas. The patient is instructed to 
swallow repeatedly to avoid belching. 

2. The patient gulps a high-density (250% w/v) barium 
suspension in the upright, left posterior oblique (LPO) 
position (all positions are with respect to the table top), so 
the esophagus is projected free of the spine. The LPO 
position is preferred over the right posterior oblique (RPO) 
position, which foreshortens the distal esophagus near the 
gastroesophageal junction. Digital fluoroscopic exposures 


Fig. 2.8 Right lateral view of the gastric cardia and fundus. A double 
contrast view of the gastric fundus with the patient in a right side down 
lateral position shows the normal cardiac rosette as three of four stellate 
folds radiating to a central point (short arrow) at the gastroesophageal 
junction. Also note a hooding fold (long arrows) atop the rosette. 


of the upper, middle, and distal thirds of the thoracic 
esophagus are obtained in rapid succession (Fig. 2.7). 


Emphasis should normally be placed on the lower half of the 
thoracic esophagus (rather than the upper half) because of the 
high prevalence of reflux esophagitis, a condition primarily 
involving the distal esophagus. In patients with clinical signs of 
infectious esophagitis, drug-induced esophagitis, or radiation 
esophagitis, however, it becomes more important to obtain spot 
images of the upper or midthoracic esophagus because these 
conditions are more likely to involve this portion of the esopha- 
gus. The fluoroscopist should therefore tailor the examination 
based on the patient’s clinical history and presentation. 

It is important to recognize that there is little or no time to 
review the frozen image on the fluoroscopic monitor because 
of the limited window of opportunity for obtaining double 
contrast spot images of the esophagus (initially, there is too 
much barium, resulting in flow artifact that obscures mucosal 
disease, and later, the esophagus collapses, also limiting evalu- 
ation for mucosal disease). The need to obtain rapid exposures 
therefore differentiates the esophageal examination from other 
portions of the gastrointestinal tract. 


3. The patient is placed in a recumbent, right side down 
lateral position for a double contrast spot image of the 
gastric cardia and fundus. When the patient is in a true 
lateral position, the cardiac rosette is visualized en face in 
the center of the fundus, permitting optimal assessment of 
this normal anatomic structure (Fig. 2.8). The 
fluoroscopist can be certain the patient is in a true lateral 
position by noting that the posterior wall of the fundus 
projects just anterior to the anterior wall of vertebral bodies 
in the adjacent spine. If these structures are overlapping, 
the patient is in a steep oblique position and should be 
repositioned before obtaining this exposure. 

4, The patient is placed in a prone, right anterior oblique 
(RAO) position and asked to take discrete swallows of 
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Fig. 2.10 Feline 
esophagus in a patient 
with spontaneous 
gastroesophageal 
reflux. A supine, right 
posterior oblique spot 
image shows 
spontaneous reflux of 
barium from a large hiatal 
hernia into the thoracic 
esophagus. Note fine 
transverse folds (arrows), 
producing a feline 
esophagus. (Reproduced 
with permission from 
reference 25) 


Fig. 2.9 Single contrast esophagogram. Three prone, right anterior 
oblique single contrast spot images show the thoracic esophagus distending 
normally. 
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low-density (100% w/v) barium to evaluate esophageal 
motility. Esophageal peristalsis is routinely evaluated with 
the patient in a recumbent position rather than an upright 
position to eliminate the confounding effect of gravity. 
Primary peristalsis is manifested by a stripping wave 

(seen as an inverted V) that progressively clears the barium 
column from the esophagus. Esophageal dysmotility is 
characterized by a decreased amplitude or velocity of the 
normal stripping wave, or, in severe disease, complete 
absence of the stripping wave. Esophageal motility is only 
considered abnormal when abnormal peristalsis is 
observed on two or more of five separate swallows.” The 
fluoroscopist must therefore be patient, observing multiple 
discrete swallows to properly evaluate esophageal motility. 
The patient rapidly gulps the same low-density barium in a 
prone, RAO position as single contrast spot images of the 
thoracic esophagus are obtained while this structure is 
optimally distended (Fig. 2.9). These views are ideal for 
ruling out rings, strictures, or other causes of esophageal 
narrowing. The double contrast esophagogram is therefore a 
biphasic examination; the double contrast phase optimizes 
detection of mucosal abnormalities, whereas the single 
contrast phase optimizes detection of strictures or subtle 
areas of narrowing. Prone, RAO single contrast views also 
improve detection of hiatal hernias, which are frequently 


A 


reduced from the lower thorax into the upper abdomen on 
radiographs obtained when the patient is upright. 

6. The last step is to evaluate for gastroesophageal reflux by 
turning the patient from the left side onto the back in order to 
pool barium in the gastric fundus. Because the cardia is 
located on the right posteromedial wall of the fundus, the 
patient is then slowly rotated from a supine position to an 
RPO position to assess for spontaneous reflux as barium 
flows past the cardia (Fig. 2.10). If no spontaneous reflux 
occurs, this routine is repeated while the patient performs a 
Valsalva maneuver (by straining or bearing down to increase 
intra-abdominal pressure) to assess for provoked reflux. 


If there is still no reflux in patients with clinical signs of reflux 
disease, a water siphon test may be performed by having the 
patient swallow several sips of water in the supine, RPO 
position. As water passes through the gastroesophageal junction 
and the lower esophageal sphincter opens, a tiny amount of 
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barium may transiently spurt upwards into the distal esophagus, 
so-called physiologic reflux. When a large volume of barium 
refluxes into the upper or midthoracic esophagus, however, this 
reflux is considered to be pathologic. It has been shown that 
the water siphon test markedly increases the sensitivity of the 
barium study for detecting gastroesophageal reflux (though at 
the cost of a lowered specificity).'* 

When reflux occurs, the fluoroscopist should assess not 
only the height and width of the barium column (i.e., the 
volume of reflux), but also whether refluxed barium is cleared 
rapidly from the esophagus or is retained for a prolonged 
period within the esophagus, as in patients with scleroderma. 


Single contrast esophagography 


Single contrast esophagography may be performed when the 
patient is too ill or debilitated to tolerate the maneuvers 
required for a double contrast study or has severe dysphagia 
that precludes administration of an effervescent agent. If 
the patient can lie prone, the examination consists of 
steps 4 through 6 of the double contrast esophagogram (see 
Fig. 2.9). If the patient is unable to lie prone or stand, a 
limited single contrast esophagogram may be performed by 
having the patient swallow low-density barium in a supine, 
semi-upright position. Esophageal motility and gastro- 
esophageal reflux can also be assessed, using the techniques 
described above. 


Double contrast upper gastrointestinal examination 


A double contrast examination of the upper gastrointestinal 

tract may be performed by the following series of steps:' 

1. A standard dose of 0.1 mg of glucagon is administered 
intravenously. 

2. The patient ingests an entire packet of effervescent granules 
followed immediately by 10 ml of water to distend the 
stomach with gas. The patient is instructed to swallow 
repeatedly to avoid belching. 

3. The patient rapidly gulps a 120-ml cup of high-density 
(250% w/v) barium in the upright, LPO position as double 
contrast spot images of the thoracic esophagus are obtained 
in rapid sequence (see Step 2, Double contrast 
esophagography, and see Fig. 2.7). 

4, The fluoroscopic table is tilted to the horizontal position 
with the patient’s back to the table top. The patient is 
then turned to the right through a 360-degree circle 
to the supine position, so barium is in the gastric 
fundus (rather than the antrum) after the patient 
has turned a complete circle. Double contrast spot 
images of the antrum and body are then obtained with 
the patient in supine, RPO, and LPO positions (Fig. 2.11). 

5. The patient is turned to the right lateral (i.e., right side 
down position) for a double contrast view of the gastric 
cardia and fundus (see Fig. 2.8). This view also permits 
visualization of the retrogastric region. 


Fig. 2.11 Supine double contrast spot image of the gastric antrum and body. 
Asupine double contrast spot image of the stomach shows the normal areae gastricae 
as a fine reticular network of barium-filled grooves in the gastric antrum and body. 
(Reproduced with permission from reference 1) 


6. Uphill flow technique is performed by turning the patient 
onto the back and then slowly to the LPO position. Spot 
images are deliberately obtained while a thin pool of barium 
flows upwards along the dependent surface of the gastric 
antrum and body into the fundus, better delineating subtle 
protruded or depressed lesions on the posterior wall of the 
stomach (Fig. 2.12).'? Conversely, downhill flow technique is 
performed by slowly turning the patient to the RPO position 
while a thin pool of barium flows along the high lesser 
curvature and posterior wall of the stomach. 

7. With the table semi-upright, the patient is turned to the 
RPO position for a double contrast spot image of the upper 
body and lesser curvature of the stomach. 

8. By this time, barium has usually emptied into the duodenum. 
With the table horizontal or semi-upright, the patient is 
turned to the LPO oblique position for double contrast images 
of the duodenal bulb and descending duodenum (Fig. 2.13). 

9. With the table horizontal, the patient is placed in a prone, 
RAO position and asked to take discrete swallows of 
low-density (100% w/v) barium to evaluate esophageal 
motility (see Step 4, Double contrast esophagography). 

10. The patient rapidly gulps the same low-density barium in a 
prone, RAO position as single contrast spot images of the 
thoracic esophagus are obtained while this structure is 
optimally distended (see Step 5, Double contrast 
esophagography and see Fig. 2.9). 

. With the patient in a prone or prone, RAO position, single 
contrast spot images of the gastric antrum and body and 
duodenal bulb are obtained with varying degrees of 
compression, using an inflatable balloon or other 
compression device positioned beneath the patient’s upper 
abdomen (Fig. 2.14). 

12. The patient is turned to the left side and then onto the back, 

so barium pools in the gastric fundus. The gastroesophageal 
junction is then monitored fluoroscopically as the patient 
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Table 2.1 Imaging sequence and purpose of images for double contrast examination of the upper gastrointestinal tract 


Views 


What is being assessed 


1. Upright, LPO esophagogram with high-density barium 
. Supine, LPO, and RPO stomach 
. Recumbent, right lateral gastric fundus 


. Flow technique 


. Supine or semi-upright, LPO duodenum 


2 

3 

4 

5. Semi-upright, RPO stomach 

6 

7. Prone, RAO discrete swallows with low-density barium 
8 


. Prone, RAO esophagogram with low-density barium 


9. Prone compression of gastric antrum and body and duodenal bulb 


10. Valsalva maneuver/water siphon test 


11. Upright, LPO compression of gastric antrum and body and 
duodenal bulb 


Esophageal mucosa 

Gastric antrum and body 

Gastric cardia and fundus 

Posterior wall (dependent surface) of gastric antrum and body 
Upper body and lesser curvature of stomach 

Duodenal bulb and sweep 

Esophageal motility 

Esophageal distention 

Anterior wall of gastric antrum/body and duodenal bulb 
Gastroesophageal reflux 


Lesser curvature and posterior wall of gastric antrum/body and 
duodenal bulb 


LPO = left posterior oblique; RPO = right posterior oblique; RAO = right anterior oblique 


13. 


is turned slowly to the right to elicit spontaneous 
gastroesophageal reflux. A Valsalva maneuver or 

water siphon test can also be performed to elicit reflux 

(see Step 6, Double contrast esophagography). 

The table is fully elevated, and the patient is turned to the LPO 
position for upright single contrast views of the gastric antrum 
and body and duodenal bulb, using graded compression 
with the palpation device on the fluoroscopic tower. 


Fig. 2.12 Flow technique. Spot images are 
obtained as the patient is slowly turned from the 
supine position to the left posterior oblique position 
in order to manipulate a thin barium pool over the 
dependent surface and better delineate subtle 
protruded or depressed lesions on the posterior wall. 


The imaging sequence and purpose of these images are sum- 
marized in Table 2.1. 


Single contrast upper gastrointestinal examination 
As already discussed, the double contrast upper gastrointes- 
tinal examination is a biphasic study that includes both 
double contrast and single contrast techniques. In effect, 
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Fig. 2.13 Supine, left 
posterior oblique 
double contrast spot 
image of the 
duodenum. This view is 
ideal for visualizing the 
duodenal bulb and 
sweep in double 
contrast. (Reproduced 
with permission from 
reference 1) 


the steps for performing a single contrast upper gastrointes- 
tinal examination have therefore been described in the 
previous section (see Steps 9-13, Double contrast upper 
gastrointestinal examination, and see Figs. 2.9 and 2.14). 
Depending on the amount of air in the stomach, limited 
air contrast views of the stomach may also be obtained. 
Because the double contrast study is a more sensitive tech- 
nique for detecting inflammatory and neoplastic abnormalities 
in the upper gastrointestinal tract, the single contrast study 
should generally be reserved for ill, debilitated, or elderly 
patients who are physically unable to perform the maneuvers 
required for a double contrast study. As a result, some single 
contrast examinations may be quite limited. If, for example, 
the patient is unable to stand or lie in a prone position, barium 
may be swallowed in a supine, semi-upright position to assess 
esophageal motility and morphology. Assistance may then be 
required from one or more technologists to rotate the patient 
into oblique and right side down lateral positions for evalu- 
ation of the stomach, gastric peristalsis and emptying, and, 
lastly, the duodenum. Fortunately, the radiologist is generally 
searching for gross pathology in this subset of patients. In 
contrast, most patients who require more detailed examin- 
ations to look for subtle abnormalities are healthier, less debili- 
tated individuals who can tolerate a double contrast study. 


Variations in technique: problems 

and pitfalls 

Esophagus 

Technical factors related to the amount of barium and gas may 


greatly affect the quality of the double contrast study. Because 
double contrast spot images are obtained with the patient in an 


Fig. 2.14 Prone, right 
anterior oblique single 
contrast spot image of 
the duodenal bulb with 
compression. This 
technique thins out the 
barium pool in the bulb, 
enabling visualization of 
ulcers on the anterior 
wall. (The radiopaque rim 
of the prone 
compression paddle is 
outside the field of view.) 


upright position, pooling of barium in the distal esophagus 
may limit evaluation of this region. Even after ingested barium 
has entered the stomach, a residual layer of high-density 
barium in the esophagus may obscure mucosa detail, also 
known as flow artifact (Fig. 2.15A).7° When flow artifact 
occurs, additional spot images may be obtained moments 
later to better delineate mucosal abnormalities (especially the 
granular mucosa of reflux esophagitis) as this residual layer of 
high-density barium thins out (Fig. 2.15B).”° At the same time, 
peristalsis causes the esophagus to collapse almost immediately 
after passage of the barium bolus into the stomach. The expos- 
ures must therefore be timed to capture the esophagus during a 
relatively brief period of optimal distention and coating. With 
some experience, it is possible to obtain satisfactory double 
contrast views of the esophagus in most patients. 

Undissolved effervescent agent in the esophagus is another 
potential source of artifact on double contrast radiographs.” 
If effervescent granules are seen in the esophagus, the fluor- 
oscopist ideally should wait until most or all of these granules 
have passed into the stomach before obtaining spot images to 
avoid artifacts related to the effervescent agent. Such artifacts 
can sometimes mimic the findings of Candida esophagitis on 
double contrast radiographs (Fig. 2.16A). In such cases, repeat 
images should be obtained to demonstrate the transient nature 
of this finding (Fig. 2.16B). 

It may be prudent to withhold the effervescent agent in some 
clinical settings. For example, in patients with clinical signs of 
infectious esophagitis, the cup of high-density barium can be 
split in two, and the first half given without fizzies to avoid 
mistaking undissolved effervescent granules for the plaques or 
nodules of Candida esophagitis.” Similarly, in patients with 
severe dysphagia, a bolus of high-density barium can initially 
be given to assess for high-grade esophageal obstruction before 
administering the effervescent agent. If there is no evidence of 
obstruction, the examination can then proceed as usual. 
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Fig. 2.15 Flow artifact obscuring the granular 
mucosa of reflux esophagitis. A. The initial double 
contrast view shows no definite abnormalities, but 
mucosal detail is obscured by a thin pool of barium in 
the distal esophagus, producing a hazy white sheen. 
B. A repeat view after the barium pool has thinned out 
shows the typical granular mucosa of reflux esophagitis. 


Fig. 2.16 Undissolved effervescent agent 
mimicking Candida esophagitis. A. The initial 
double contrast view shows apparent plaque-like 
lesions due to undissolved effervescent agent in the 
mid and distal esophagus. B. A repeat view shows a 
normal-appearing esophagus after this effervescent 
agent has passed into the stomach. 
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Mucosal disease is best evaluated on double contrast views 
of the esophagus when it is optimally distended. In contrast, 
abnormalities of the longitudinal folds are better seen on 
mucosal relief views of the collapsed or partially collapsed 
esophagus. Esophageal varices may be effaced or even obliter- 
ated by esophageal distention, so mucosal relief views are 
particularly important when varices are suspected.” Various 
types of esophagitis can also be recognized by the presence of 
thickened, irregular, or crenulated longitudinal folds in the 
collapsed esophagus. Mucosal relief views are especially helpful 
when the fluoroscopist is unable to obtain adequate double 
contrast radiographs of the distended esophagus. 

When protruded or depressed lesions are visualized en face 
on routine double contrast spot images with the patient in an 
upright, LPO position, the patient should swallow additional 
high-density barium in an upright, RPO position (ie., the 
patient is rotated 90 degrees to the right) to visualize these 
lesions in profile and better delineate their morphologic features. 
Thus, the fluoroscopist should tailor the study based on the 
findings at fluoroscopy. 

When a ring or stricture is suspected in the distal esopha- 
gus, emphasis should be placed on the value of prone, RAO 
single contrast spot images for detecting these abnormalities. 
A Schatzki ring or peptic stricture that is not visualized on 
double contrast images may only be recognized when the 
esophagus above and hernia below the ring or stricture are 
adequately distended on prone single contrast images during 
rapid ingestion of low-density barium (see Fig. 3.45).”° 


Stomach 


Although a single 120-ml cup of high-density barium is usually 
adequate for evaluating the stomach on double contrast studies, 
barium may occasionally empty so rapidly into the duodenum that 
additional barium is required to obtain adequate double contrast 
views of the stomach. Similarly, if the patient belches during the 
study and the stomach is inadequately distended with gas, an 
additional packet of effervescent agent may be required to produce 
adequate gaseous distention. Conversely, the patient may be asked 
to belch if the stomach is overdistended with gas, since overdisten- 
tion can efface folds associated with ulcers or ulcer scars. 

In patients who are unresponsive to glucagon, rapid emptying 
of barium into the duodenum may cause portions of the stomach 
to be obscured by overlapping loops of barium-filled small bowel. 
If this is a frequent problem, the first part of the double contrast 
study can be modified so that the fluoroscopy table is returned to 
the horizontal position with the patient facing the table immedi- 
ately after swallowing high-density barium. The patient is then 
turned from the prone position onto the left side and back to 
obtain double contrast views of the gastric antrum and body before 
they are obscured by barium spilling into the duodenum or small 
bowel. Conversely, in patients who are unusually sensitive to the 
effect of glucagon, substantially delayed emptying of barium from 
the stomach may prolong the examination. In such cases, another 
study can be performed to expedite patient throughput, having the 


first patient return to the fluoroscopy suite 10 to 15 minutes later to 
complete the study after the duodenum has filled with barium. 
In patients with intractable nausea and vomiting, prelimin- 
ary fluoroscopic evaluation of the abdomen should be per- 
formed to assess for signs of gastric outlet obstruction or 
small bowel obstruction prior to administration of barium. If 
there are radiographic signs of gastric outlet obstruction, a 
single contrast examination of the upper gastrointestinal tract 
should be performed (see later section, Gastric outlet obstruc- 
tion). If, however, preliminary fluoroscopic observation of the 
abdomen reveals radiographic signs of small bowel obstruc- 
tion, the barium study should be aborted, and the patient 
should instead undergo an emergent abdominal CT scan. 


Duodenum 


If adequate double contrast spot images of the duodenal bulb 
cannot be obtained with the patient in a recumbent or semi- 
upright, LPO position, the table can be elevated to a fully 
upright position, causing barium to pool in the antrum or 
descending duodenum and gas to rise into the duodenal bulb, 
which tends to assume a vertical configuration, so adequate 
double contrast views of the bulb can be obtained. If the duo- 
denal bulb has a more posterior location, the patient can also 
be turned to the left lateral or even the prone, LAO position to 
obtain adequate gaseous distention of the bulb and adjacent 
duodenum. If, despite these various maneuvers, satisfactory 
double contrast views of the duodenum cannot be obtained, 
the fluoroscopist should proceed to the single contrast portion 
of the study rather than prolong the examination, as it is usually 
possible to obtain adequate single contrast views of the duo- 
denal bulb using prone or upright compression techniques. 


Normal anatomy and anatomic variations 
Esophagus 


The esophagus normally has a smooth, featureless appearance 
when viewed en face on double contrast examinations (see 
Fig. 2.7). When the esophagus is collapsed, the normal longi- 
tudinal folds are seen as smooth, straight longitudinal filling 
defects no more than 1 to 2 mm in width (see Fig. 2.5). In some 
patients, fine transverse folds may be observed in the esopha- 
gus as a transient phenomenon due to contraction of the 
longitudinally oriented muscularis mucosae, also known as 
the feline esophagus (see Fig. 2.10). These transverse folds 
are found almost exclusively in patients with gastroesophageal 
reflux and, in most cases, are observed only as barium refluxes 
from the stomach into the esophagus.” A localized segment of 
spiculated transverse folds may occasionally be detected as a 
normal variant in the upper thoracic esophagus at the junction 
of its striated and smooth muscle portions at or near the level 
of the aortic arch (Fig. 2.17).”° In older patients, plaques or 
nodules may be seen in the mid or distal esophagus secondary 
to glycogenic acanthosis, a benign, degenerative condition of 
no clinical significance (see Fig. 3.34).’” 
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m Fig. 2.17 Spiculated 
transverse folds as a 
normal variant in the 
upper thoracic 
esophagus. These 
spiculated folds (arrows) 
result from weakening of 
primary peristalsis at the 
junction of the striated 
and smooth muscle 
portions of the upper 
thoracic esophagus. 


The esophagus may be indented by normal extrinsic impres- 
sions from the aortic arch, left main bronchus, and left side of 
the heart. A smooth, gently sloping indentation may also be 
seen on the right posterolateral wall of the upper thoracic 
esophagus between the thoracic inlet and aortic arch in about 
10% of patients due to a normal anatomic variation in which an 
unusually prominent right inferior supra-azygous recess indents 
the esophagus (Fig. 2.18).”* This finding should not be mistaken 
for adenopathy or other mediastinal masses impinging on the 
esophagus. When this anatomic variant is present, the outer wall 
of the esophagus may be outlined by air in the adjacent lung, so 
the esophageal wall is visualized as a thin stripe paralleling 
the esophagus from the thoracic inlet to the aortic arch (see 
Fig. 2.18). This is a clinically useful observation, as it indicates 
that the esophagus is indented by a recess of lung projecting into 
the mediastinum rather than a pathologic mediastinal mass. 

When esophageal motility is evaluated, elderly patients not 
infrequently have splitting of the peristaltic wave at or near the 
level of the aortic arch, so some of the barium bolus passes in a 
retrograde fashion into the more proximal esophagus. This 
phenomenon is thought to result from focal weakening of 
primary peristalsis at the junction of the striated and smooth 
muscle portion of the esophagus, also known as proximal 
escape.” Proximal escape should be considered a normal vari- 
ant associated with aging, differentiating this phenomenon 
from true esophageal motility disorders. 


Stomach 


The rugal folds in the stomach are best seen when it is incom- 
pletely distended and are most prominent along the greater 
curvature of the gastric body. In some patients, double contrast 


Fig. 2.18 Prominent 
right inferior supra- 
azygous recess 
mimicking an extrinsic 
mass lesion indenting 
the upper thoracic 
esophagus. A prone, 
right anterior oblique 
single contrast spot 
image shows an extrinsic 
indentation (arrows) on 
the right posterolateral 
wall of the upper thoracic 
esophagus secondary to 
a prominent right inferior 
supra-azygous recess in 
the mediastinum 
impinging on the 
esophagus. Note how 
the outer wall of the 
esophagus is clearly 
visible in this region 
because of air in the lung 
abutting the esophagus. 


Fig. 2.19 Antral striae. Multiple fine transverse striations are seen in the 
gastric antrum as a sign of chronic antral gastritis. 


studies may reveal fine transverse folds or striae in the gastric 
antrum as a sign of chronic antral gastritis (Fig. 2.19).”? 

As the normal rugal folds are effaced with distention, a fine 
mucosal pattern (also known as the areae gastricae) can be 
visualized by double contrast technique in about 70% of 
patients. This areae gastricae pattern is manifested by a fine 
network of interlacing barium-filled grooves or sulci between 
tiny mucosal tufts in the stomach (see Fig. 2.11). The areae 
gastricae are visualized with greater frequency in older 
patients, most likely because of chronic H. pylori gastritis that 
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Fig. 2.20 Enlarged areae gastricae secondary to Helicobacter pylori 
gastritis. A supine double contrast spot image of the stomach shows enlarged 
areae gastricae in the gastric antrum and body as a sign of chronic infection 
by H. pylori. 


Fig. 2.22 Carcinoma of the cardia. A right lateral double contrast spot image 
of the gastric fundus shows irregular ulceration (white arrows) within a large 
mass (black arrows) in the region of the cardia. This ulcerated mass should not 
be mistaken for the cardia rosette, which has been obliterated by tumor. 


degrades the mucous layer of the stomach, enabling barium to 
enter these mucosal grooves more easily.*° In other patients, Heli- 
cobacter pylori gastritis may be manifested by enlarged areae 
gastricae, possibly related to increased acid secretion in these indi- 
viduals (Fig. 2.20).?" Still other patients with H. pylori gastritis may 
develop lymphoid hyperplasia characterized by innumerable tiny, 
uniform, round or ovoid nodules that carpet the gastric antrum or 
body (Fig. 2.21). It is important to differentiate lymphoid hyper- 
plasia in the stomach from a low-grade gastric mucosa-associated 
lymphoid tissue (MALT) lymphoma (see Fig. 4.44). 

When viewed en face, the gastric cardia may be recognized 
en face on double contrast radiographs by three or four stellate 
folds radiating to a central point at the gastroesophageal junc- 
tion, also known as the cardiac rosette (see Fig. 2.8).°? The 
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Fig. 2.21 Lymphoid hyperplasia secondary to Helicobacter pylori 
gastritis. The enlarged lymphoid follicles are manifested by innumerable tiny, 
round nodules carpeting the gastric antrum. Note punctuate collections of 
barium in central umbilications within many of the nodules. (Reproduced 
with permission from reference 32) 


cardia should be carefully evaluated on double contrast studies, 
as malignant tumors in this region may be manifested by 
nodularity, distortion, or obliteration of this normal anatomic 
landmark (Fig. 2.22) (see Chapter 4). Occasionally, the cardiac 
rosette may be unusually prominent or nodular because of 
invagination of the gastroesophageal junction into the gastric 
fundus. When a questionable lesion is visualized at the cardia 
(Figs. 2.23A and 2.24A), the patient should be asked to take 
additional swallows of barium in a right side down lateral 
position. If the cardiac rosette is normal, this structure will 
vanish as the lower esophageal sphincter opens and barium 
passes into the stomach (Fig. 2.23B). If a true lesion is present 
at the cardia, however, the abnormal findings will persist even 
when the sphincter is open (Fig. 2.24B). This simple technique 
is therefore extremely useful for differentiating pseudomasses 
from true tumors at the cardia. 


Duodenum 


When the duodenal bulb is adequately distended, the surface of 
the bulb is usually smooth and featureless on double contrast 
radiographs. In some patients, however, double contrast studies 
may reveal a fine velvety or reticular pattern in the bulb as a 
normal variant. In other patients, the duodenal bulb may con- 
tain shallow pits that fill with barium, simulating the appearance 
of duodenal erosions (Fig. 2.25). Unlike true varioliform ero- 
sions (see Fig. 5.16), however, these mucosal pits are not sur- 
rounded by radiolucent halos of edematous mucosa. 

Double contrast studies sometimes may reveal multiple 
small, discrete, angular or plaque-like defects near the base of 
the duodenal bulb due to heterotopic gastric mucosa, a finding 
of little or no clinical significance (Fig. 2.26).** In other patients, 
barium trapped within a redundant fold on the inner aspect of 
the superior duodenal flexure (i.e., the junction of the first and 
second portions of the duodenum) can simulate an ulcer with a 
surrounding mound of edema or even an ulcerated submucosal 


35 


36 


Section 1: GI Tract 


Fig. 2.23 Value of swallowing barium for 
differentiating tumor from pseudolesions at the 
cardia. A. A right lateral double contrast spot image of 
the gastric fundus shows a possible tumor at the gastric 
cardia. Is this a true cardiac mass (black arrows) 
containing a small central area of ulceration (white 
arrow) or an unusually prominent cardiac rosette? 

B. A repeat view in the same projection. As the patient 
sips, additional barium shows how these findings vanish 
as the lower esophageal sphincter opens and barium 
enters the stomach. This was therefore a pseudolesion 
at the cardia caused by transient invagination of the 
gastroesophageal junction into the gastric fundus. 


Ser 


Fig. 2.24 Value of swallowing barium for differentiating tumor from pseudolesions at the cardia. A. A right lateral double contrast spot image of the gastric fundus 
shows a possible tumor at the gastric cardia. As in Fig. 2.23A, is this a true cardiac mass (black arrows) containing a central area of ulceration (white arrow) or an unusually 
prominent cardiac rosette? B. A repeat view in the same projection. As the patient sips, additional barium shows how this mass lesion (large arrows) persists even as the 
lower esophageal sphincter opens and barium enters the stomach. Also note eccentric narrowing (small arrows) of the distal esophagus by tumor in this patient with 
carcinoma of the cardia invading the distal esophagus. 


Fig. 2.25 Duodenal 
pits. A double contrast 
spot image shows tiny 
barium collections 
(arrows) filling tiny 
mucosal pits in the 
duodenal bulb. This 
normal anatomic variant 
should be differentiated 
from true varioliform 
erosions in which the 
central barium 
collections are 
surrounded by 
radiolucent mounds 

of edema. 


Fig. 2.26 Heterotopic gastric mucosa. A double contrast spot image 

shows multiple discrete, angular defects in the duodenal bulb, a finding of little or 
no clinical significance. (Reproduced with permission from Laufer |, Levine MS. 
Barium studies of the upper gastrointestinal tract. In: Gore RM, Levine MS, eds. 
Textbook of gastrointestinal radiology, 3rd ed. Philadelphia: Elsevier, 2008:311-322) 
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Fig. 2.27 Flexural 
pseudolesion in the 
duodenum. Barium 
trapped within a 
redundant fold on the 
inner aspect of the 
superior duodenal flexure 
mimics the appearance 
of an ulcer (white arrow) 
with a surrounding 
mound of edema (black 
arrows) or an ulcerated 
submucosal mass. 
However, the 
characteristic appearance 
and location of this 
finding should suggest 
the correct diagnosis. 


Fig. 2.29 Prolapsed antral carcinoma. The prolapsed tumor is manifested 
by a polypoid mass (arrows) at the base of the duodenal bulb that is contiguous 
with the pylorus. 


mass (Fig. 2.27).*° However, these flexural pseudolesions can 
usually be differentiated from true lesions by their characteristic 
location and changeable appearance at fluoroscopy. 

Still other patients may have a mushroom-shaped defect at 
the base of the duodenal bulb abutting the pylorus (Fig. 2.28) 
or a pair of small defects along the medial and lateral aspects of 
the pylorus (also known as owl eyes) due to prolapse of antral 
mucosa through the pylorus, another finding of doubtful clin- 
ical significance. Prolapsed antral mucosa should not be mis- 
taken for true polypoid lesions in the duodenal bulb, which are 
extremely rare. Occasionally, however, benign or malignant 
gastric tumors prolapsing through the pylorus may be mani- 
fested by polypoid defects in the bulb that are contiguous with 
the pylorus (Fig. 2.29). This finding should therefore raise 
concern about the possibility of a prolapsed antral neoplasm. 

In the descending duodenum, the anatomy of the papilla of 
Vater can be well demonstrated. It is usually associated with a 
longitudinal fold as well as a hooding fold. The minor papilla is 


Fig. 2.28 Prolapsed 
antral mucosa. This 
patient has a mushroom- 
shaped defect (arrows) at 
the base of the duodenal 
bulb due to antral 
mucosa that has 
prolapsed through the 
pylorus. 


Fig. 2.30 Normal postoperative appearance after Billroth II partial 
gastrectomy. The gastric remnant has been anastomosed to the proximal 
jejunum via a widely patent gastrojejunostomy (arrows). (Reproduced with 
permission from reference 36) 


located on the anterior wall slightly proximal to the major 
papilla and is therefore usually seen only with the patient in 
a prone position. 


Gastric outlet obstruction 


When gastric outlet obstruction is suspected, preliminary fluoro- 
scopy of the abdomen should be performed before administra- 
tion of barium to determine whether the stomach is dilated or 
filled with solid food that could compromise the barium study. 
Such patients may require admission to the hospital and 
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placement of a nasogastric tube for decompression of the stom- 
ach before attempting a diagnostic barium study. If an emergent 
barium study is performed in the setting of gastric outlet obstruc- 
tion, the patient should be given high-density barium with the 
table upright and then placed in a right side down lateral position 
as the table is lowered to its horizontal setting in order to facilitate 
passage of barium into the distal stomach and better delineate the 
cause of obstruction (see Fig. 4.56). 


Gastric resection 


After partial gastrectomy for ulcer disease or tumors, the 
double contrast study should be modified to compensate for 


the absence of a pylorus and rapid emptying of barium 
from the stomach (Fig. 2.30).°° The study should include 
a smaller dose of effervescent agent (because there is less 
stomach to distend) and a larger dose of intravenous gluca- 
gon (1 mg) to delay emptying of barium from the stomach 
and decrease filling of small bowel loops that could obscure 
the gastric remnant and compromise the examination. 
Because of the surgical anatomy, the esophagus should be 
examined at the end of the study and the stomach first to 
assess the radiographic findings before excessive barium in 
the stomach and small bowel limits evaluation of this 
region. 
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} Section 1 | GI Tract 


Esophagus 
Marc S. Levine, MD 


Motility disorders 
Presbyesophagus 


Older patients can have intermittently weakened or absent 
primary peristalsis and a variable number of non-peristaltic 
contractions (NPCs) in the esophagus in the absence of 
esophageal symptoms, a relatively common manifestation of 
aging known as presbyesophagus. This clinically trivial condi- 
tion should be differentiated from diffuse esophageal spasm 
(DES), a motility disorder associated with dysphagia or chest 
pain (see later section, Diffuse esophageal spasm). 


Gastroesophageal reflux disease 


Patients with gastroesophageal reflux disease (GERD) often 
have esophageal dysmotility with intermittently decreased or 
absent primary peristalsis but no NPCs.’ This form of dysmo- 
tility should be distinguished from presbyesophagus, a condi- 
tion affecting older patients in which the motor abnormality is 
associated with multiple NPCs. The abnormal peristalsis in 
patients with GERD impairs clearance of refluxed acid from 
the esophagus, leading to a vicious cycle with progressively 
severe reflux esophagitis.’ The presence of abnormal motility 
without NPCs on barium studies therefore should elicit a 
careful search for GERD and its sequelae. 


Achalasia 


Achalasia may be classified as primary when it occurs as an 
idiopathic condition involving the myenteric plexus of the 
esophagus or as secondary when it results from other condi- 
tions, most commonly malignant tumors involving the gastro- 
esophageal junction (carcinoma of the cardia and metastases to 
this region). Primary achalasia is characterized by absent pri- 
mary peristalsis in the esophagus and incomplete opening of 
the lower esophageal sphincter (LES), manifested on barium 
studies by a dilated, flaccid esophagus with tapered, beak-like 
distal narrowing at or directly adjacent to the gastroesophageal 
junction (Fig. 3.1).” In advanced disease, the esophagus can 
become massively dilated and tortuous, also known as a sig- 
moid esophagus (Fig. 3.2). 

In contrast, secondary achalasia most commonly results 
from tumor at the gastroesophageal junction invading the 


Fig. 3.1 Primary 
achalasia. There is a 
dilated esophagus with 
absent primary peristalsis 
and tapered, beak-like 
Narrowing (arrow) at the 
gastroesophageal 
junction due to 
incomplete opening of 
the lower esophageal 
sphincter. This 
constellation of findings 
is characteristic of 
primary achalasia. Also 
note retained debris in 
the esophagus. 


ganglion cells in the distal esophagus, so that it simulates 
the findings of primary achalasia.’ As a result, secondary 
achalasia is also characterized on barium studies by absent 
peristalsis in the esophagus and beak-like narrowing near 
the gastroesophageal junction. In secondary achalasia, how- 
ever, the narrowed segment is often considerably longer 
than that in primary achalasia because of tumor invading 
the distal esophagus (Fig. 3.3). The narrowed segment may 
also be asymmetric, nodular, or ulcerated.’ Because of rapid 
progression of tumor, the esophagus is rarely dilated to the 
degree seen in primary achalasia. In patients with carcinoma 
of the cardia or fundus, barium studies may also reveal a 
polypoid, ulcerated, or infiltrating tumor in the fundus 
(Fig. 3.4).° The cardia and fundus should therefore be care- 
fully evaluated on esophagography in all patients with acha- 
lasia to rule out an underlying gastric tumor as the cause of 
this finding. 
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Fig. 3.2 Long-standing 
primary achalasia with 
a sigmoid esophagus. 
There is a markedly 
dilated, aperistaltic, 
ortuous or sigmoid 
esophagus with distal 
narrowing (arrow) due to 
incomplete opening of 
he lower esophageal 
sphincter. A sigmoid 
esophagus is seen 

only in patients with 
ong-standing achalasia. 


Fig. 3.4 Secondary 
achalasia with a food 
impaction. This patient 
has a dilated, aperistaltic 
esophagus with a 
relatively long segment 
of tapered narrowing 
distally (white arrows) 
and an irregular proximal 
stomach due to an 
advanced gastric 
carcinoma invading the 
distal esophagus with 
secondary achalasia. Also 
note a polypoid defect 
(black arrows) 
representing food 
lodged above the 
narrowed segment. 


The clinical history and presentation are extremely helpful 
for differentiating the two forms of achalasia, as patients with 
primary achalasia are typically young or middle-aged indi- 
viduals with long-standing dysphagia but no weight loss, 
whereas patients with secondary achalasia tend to be older 
individuals (over 60) with recent onset of dysphagia (less than 
6 months) and weight loss.’ Thus, it is usually possible to 
distinguish these conditions on the basis of the clinical and 
radiographic findings. 

Primary achalasia may be treated by pneumatic dilatation 
or C. botulinum toxin injection of the LES or by laparoscopic 
or open surgical myotomy, whereas secondary achalasia neces- 
sitates a search for underlying malignancy. 


Fig. 3.3 

Secondary achalasia. 
There is a mildly dilated, 
aperistaltic esophagus 
with a relatively long 
segment of tapered 
narrowing distally 
(arrows) due to 
secondary achalasia 
caused by metastatic 
lung cancer. This was an 
elderly patient who 
presented with recent 
onset of dysphagia and 
weight loss. 


Diffuse esophageal spasm 


Patients with diffuse esophageal spasm (DES) typically present 
with recurrent chest pain, dysphagia, or both. DES is classically 
manifested on esophagography by intermittently absent or 
weakened peristalsis with multiple lumen-obliterating NPCs 
that compartmentalize the esophagus, producing a corkscrew 
appearance (Fig. 3.5).” However, many patients with DES have 
mild to moderate NPCs that do not obliterate the lumen 
(Fig. 3.6),* so the absence of a corkscrew esophagus on barium 
studies in no way excludes this diagnosis. It has also been 
found that the majority of patients with DES have impaired 
opening of the LES with beak-like narrowing of the distal 
esophagus on barium studies (see Fig. 3.6). Achalasia and 
DES therefore may represent opposite ends of a spectrum of 
related esophageal motility disorders. 

When patients with DES present with dysphagia because of 
LES dysfunction, they often have a marked clinical response to 
treatment with the C. botulinum toxin or endoscopic balloon 
dilatation.* When patients with DES present with chest pain 
because of severe NPCs, however, the response to treatment 
with calcium channel blockers or other agents is more variable.* 


Scleroderma 


Scleroderma is a systemic disease characterized by smooth muscle 
atrophy and fibrosis in various portions of the gastrointestinal 
(GI) tract, most commonly the esophagus and small bowel. 
Esophageal involvement by scleroderma is manifested by absent 
peristalsis in the esophagus below the level of the aortic arch, the 
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Fig. 3.5 Diffuse 
esophageal spasm with a 
corkscrew esophagus. 
This patient has a classic 
corkscrew esophagus 
caused by lumen- 
obliterating non-peristaltic 
contractions associated 
with diffuse esophageal 
spasm. (Reproduced 

with permission from 
reference 4) 


transition zone from striated to smooth muscle in the esophageal 
wall. The pathologic changes of scleroderma also produce an 
incompetent LES with unimpeded gastroesophageal reflux 
(GER) and, because of the dysmotility, prolonged retention of 
refluxed acid in the esophagus. As a result, most patients with 
scleroderma involving the esophagus develop reflux esophagitis 
and a substantial percentage develop Barrett’s esophagus. 
Achalasia is the other major motility disorder associated with 
absent peristalsis in the esophagus. In patients with achalasia, 
however, there is incomplete opening of the LES, manifested by 
beak-like narrowing of the distal esophagus, whereas patients 
with scleroderma generally have a gaping gastroesophageal junc- 
tion with free GER. Occasionally, patients with scleroderma may 
develop peptic strictures in the distal esophagus (Fig. 3.7), but 
these strictures typically appear as smooth areas of narrowing 
above a hiatal hernia, whereas achalasia is rarely associated with 
hiatal hernias. Thus, it is usually possible to differentiate sclero- 
derma from achalasia on the basis of the radiographic findings. 


Gastroesophageal reflux disease 


Gastroesophageal reflux 


GER can be demonstrated on esophagography in less than 50% 
of patients with reflux esophagitis.” Barium studies have such a 


Fig. 3.6 Diffuse 
esophageal spasm 
with lower esophageal 
sphincter dysfunction. 
This patient with diffuse 
esophageal spasm has 
numerous relatively mild 
non-peristaltic 
contractions in the 
esophagus. Also note 
tapered narrowing 
(arrow) of the distal 
esophagus above a tiny 
hiatal hernia due to 
incomplete opening of 
the lower esophageal 
sphincter. Diffuse 
esophageal spasm is 
associated with lower 
esophageal sphincter 
dysfunction in more than 
50% of patients. 


low sensitivity because GER is often caused by transient relax- 
ations of the LES rather than by a sustained decrease in LES 
tone, and these intermittent episodes of GER are easily missed 
during the brief period of fluoroscopic observation. The water 
siphon test has been advocated to increase radiographic detec- 
tion of GER. Our experience has been that it is a useful 
technique for eliciting GER that does not occur spontaneously 
or with a Valsalva maneuver or straight leg raising maneuver 
to increase intra-abdominal pressure. 

Transverse esophageal folds were originally described as 
a normal anatomic feature on barium studies of the cat esopha- 
gus. Similar folds have been observed as an intermittent finding in 
humans due to contraction of the longitudinally oriented muscu- 
laris mucosae, also known as the feline esophagus. These trans- 
verse folds are manifested on esophagography by thin, closely 
spaced horizontal striations extending across the circumference 
of the esophagus without interruption (Fig. 3.8). Published data 
suggest that virtually all patients with a feline esophagus have GER 
on barium studies.’ In most cases, these folds have been visualized 
as a transient finding during reflux of barium from the stomach 
rather than during swallowing of barium (see Fig. 3.8).’ When a 
feline esophagus is detected on barium studies, the patient 
is therefore extremely likely to have reflux disease whether or 
not GER is observed at fluoroscopy. 
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Fig. 3.7 Scleroderma 
with a peptic stricture. 
There is diffuse dilatation 
of the thoracic 
esophagus with a 
smooth, tapered stricture 
(arrow) above a small 
hiatal hernia. There was 
no primary peristalsis in 
the esophagus at 
fluoroscopy due to 
esophageal involvement 
by scleroderma. 


a 
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Reflux esophagitis 


Reflux esophagitis is characterized on single contrast esophago- 
graphy by thickened folds, marginal ulcers, and decreased dis- 
tensibility, but such findings are detected only in patients with 
advanced disease. In contrast, double contrast esophagography 
has a sensitivity of nearly 90% for the diagnosis of reflux 
esophagitis because of the ability to detect superficial ulcers or 
other findings that are not seen on single contrast studies.” 
Double contrast esophagography is therefore the radiologic 
technique of choice for patients with suspected GERD. 

Early reflux esophagitis may be manifested on double contrast 
studies by a finely nodular or granular appearance with poorly 
defined radiolucencies that fade peripherally due to edema and 
inflammation of the mucosa (Fig. 3.9). In almost all cases, the 
nodularity or granularity extends proximally from the gastroeso- 
phageal junction as a continuous area of disease. Timing of the 
radiographic exposures is critical for showing the granular 
mucosa of reflux esophagitis, as this finding can easily be obscured 
by excess pooling of high-density barium in the distal esophagus, 
a frequent problem known as flow artifact (see Fig. 2.15). 

With more advanced disease, barium studies may reveal 
shallow ulcers and erosions in the distal esophagus. The ulcers 
can have a punctate, linear, or stellate configuration and are 
often associated with surrounding mounds of edema, radiating 
folds, or sacculation of the adjacent wall (Fig. 3.10).” Other 
patients may have a solitary ulcer (also known as a marginal 


Fig. 3.8 Feline 
esophagus. There are 
thin, closely spaced 
transverse folds 
extending across the 
circumference of the 
esophagus without 
interruption. The feline 
esophagus is usually 
observed as barium 
refluxes from the 
stomach, as in this 
patient. This finding 
should be differentiated 
from the fixed transverse 
folds caused by 
longitudinal scarring 
from reflux esophagitis 
(see Fig. 3.16). 
(Reproduced with 
permission from 
reference 7) 


ulcer) at or near the gastroesophageal junction, often on the 
posterior wall of the distal esophagus (Fig. 3.11).” It has been 
postulated that the location of these ulcers is related to pro- 
longed exposure to refluxed acid that pools posteriorly when 
patients sleep in the supine position.’ Other patients may have 
widespread ulceration involving the distal third or even half of 
the thoracic esophagus. In such cases, however, the ulceration 
almost always extends distally to the gastroesophageal junc- 
tion. The presence of one or more ulcers that are confined to 
the upper or midesophagus should therefore suggest another 
cause of esophagitis. 

Reflux esophagitis may also be manifested on barium stud- 
ies by thickened longitudinal folds due to edema and inflam- 
mation that extend into the submucosa (Fig. 3.12). These 
folds may have a smooth or irregular contour, occasionally 
mimicking the appearance of esophageal varices.” In general, 
thickened folds should be recognized as a non-specific finding 
of esophagitis resulting from a host of causes. In contrast, 
other patients with reflux esophagitis may have a single prom- 
inent fold that arises at the cardia and extends upwards into 
the distal esophagus as a smooth, polypoid protuberance, also 
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Fig. 3.9 Reflux 
esophagitis with a 
granular mucosa. There 
are innumerable poorly 
defined, radiolucent 
nodules that fade 
peripherally due to 
edema and inflammation 
of the mucosa. Note 
how this granularity 
extends proximally from 
the gastroesophageal 
junction as a continuous 
area of disease. 


Fig. 3.11 Reflux 
esophagitis with a 
solitary ulcer. This 
patient has a single flat 
ulcer (arrow) on the 
posterior wall of the 
distal esophagus several 
centimeters above the 
gastroesophageal 
junction. 


Fig. 3.10 Reflux 
esophagitis with 
ulceration. Multiple tiny 
ulcers (arrows) are seen 
in the distal esophagus 
above a small hiatal 
hernia. 


Fig. 3.12 Reflux 
esophagitis with 
thickened folds. 

There are thickened 
longitudinal folds in the 
esophagus due to 
edema and inflammation 
extending into the 
submucosa. (Reproduced 
with permission from 
Levine MS. Radiology 

of the esophagus. 
Philadelphia: WB 
Saunders, 1989) 


known as an inflammatory esophagogastric polyp (Fig. 3.13).° 
These lesions have no malignant potential, so endoscopy is not 
warranted when a typical inflammatory esophagogastric polyp 
is detected on barium studies. 
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Fig. 3.13 Reflux 
esophagitis with 

an inflammatory 
esophagogastric polyp. 
This patient has a 
thickened fold (short 
arrows) extending from 
the gastric cardia into the 
distal esophagus, where 
it terminates as a smooth, 
polypoid protuberance 
(long arrow). The lesion 
represents a heaped up 
area of inflammatory and 
granulation tissue due to 
chronic reflux 
esophagitis. 


Fig. 3.15 Ring-like 
peptic stricture. A short, 
ring-like constriction 
(arrows) is seen in the 
distal esophagus above a 
small hiatal hernia. While 
this stricture closely 
resembles a Schatzki ring 
(see Figs. 3.45 and 3.46), 
the vertical height of the 
narrowed segment is 
greater than that typically 
seen in patients with 
rings. 


In advanced esophagitis, extensive ulceration, edema, and 
spasm may cause the esophagus to have a grossly irregular 
contour with serrated or spiculated margins and variable 
narrowing.’ Such findings are unusual, however, as most 
patients are treated with proton pump inhibitors before 
developing this degree of disease. 


Peptic scarring and strictures 


As esophageal ulcers heal, localized scarring may be manifested 
on barium studies by flattening, puckering, or sacculation of the 


Fig. 3.14 Peptic 
stricture. There is a 
smooth, tapered 
segment of concentric 
narrowing (arrow) in the 
distal esophagus above a 
hiatal hernia. Almost all 
patients with peptic 
strictures have associated 
hiatal hernias. 


adjacent esophageal wall, often associated with radiating folds.” 
Further scarring can lead to the development of circumferential 
or so-called peptic strictures in the distal esophagus. These 
strictures typically appear as concentric areas of smooth, 
tapered narrowing above a hiatal hernia (Fig. 3.14), but asym- 
metric scarring can lead to asymmetric narrowing with focal 
sacculation or ballooning of the esophageal wall between areas 
of fibrosis.” Other patients may develop ring-like peptic stric- 
tures that resemble Schatzki rings, except that they have a 
greater height and are more asymmetric than true rings (Fig. 
3.15).'° When there is marked irregularity, flattening, or nodu- 
larity of the stricture, endoscopy and biopsy should be per- 
formed to rule out malignant tumor as the cause of these 
findings. Nevertheless, virtually all strictures with an unequivo- 
cally benign appearance on esophagography are found to be 
benign lesions,” so endoscopy is not warranted when a classic 
benign stricture is detected on barium studies. 

Scarring from reflux esophagitis can sometimes lead to lon- 
gitudinal shortening of the esophagus and the development of 
fixed transverse folds, producing a classic stepladder appearance 
due to pooling of barium between the folds (Fig. 3.16).'! This 
appearance could conceivably be mistaken for a feline esophagus, 
but these fixed transverse folds tend to be located in the vicinity 
ofa peptic stricture, they do not extend more than halfway across 
the esophagus, and they are usually thicker than the transverse 
folds associated with a feline esophagus (see Fig. 3.8). 


Barrett's esophagus 


Barrett’s esophagus is characterized by progressive columnar 
metaplasia of the distal esophagus due to long-standing 
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Fig. 3.16 Peptic 
stricture with fixed 
transverse folds in the 
distal esophagus. This 
patient has a mild peptic 
stricture (white arrow) in 
the distal esophagus. 
Also note longitudinal 
scarring with barium 
trapped between fixed 
transverse folds (black 
arrows), producing a 
classic stepladder 
appearance. 


gastroesophageal reflux and reflux esophagitis. Barrett’s 
esophagus would not be important if it were a benign entity. 
However, there is considerable evidence that it is a premalig- 
nant condition associated with an increased risk of developing 
esophageal adenocarcinoma through a sequence of progres- 
sively severe epithelial dysplasia.” 

The classic radiologic signs of Barrett’s esophagus consist 
of a midesophageal stricture or ulcer occurring at a discrete 
distance from the gastroesophageal junction (Fig. 3.17).” In 
the presence of a hiatal hernia or reflux, a midesophageal 
stricture or ulcer should be highly suggestive of Barrett’s 
esophagus. A distinctive reticular pattern of the mucosa has 
also been described as a relatively specific sign of Barrett’s 
esophagus, particularly if adjacent to the distal aspect of a 
midesophageal stricture (Fig. 3.18).'* This reticular pattern is 
characterized by tiny barium-filled grooves or crevices, 
resembling the areae gastricae on double contrast studies of 
the stomach. 

Unfortunately, the classic radiologic signs of Barrett’s 
esophagus (a high esophageal stricture or ulcer or a reticular 
mucosal pattern) are found in only 5 to 10% of all patients 
with Barrett’s esophagus.” Other more common findings in 
Barrett’s esophagus, such as reflux esophagitis and peptic 
strictures, are often present in patients with uncomplicated 
reflux disease. Thus, those radiographic findings that are 
more specific for Barrett’s esophagus are not sensitive, and 
those findings that are more sensitive are not specific. As a 
result, many investigators have traditionally believed that 
esophagography has limited value in diagnosing Barrett’s 
esophagus. 

Despite the conventional dogma, it has been shown that 
double contrast esophagography can be a useful test for 


Fig. 3.17 Barrett's 
esophagus with a 
midesophageal 
stricture. This patient 
has a smooth, tapered 
stricture (arrows) in 

the midesophagus. 

In the presence of 

a hiatal hernia and 
gastroesophageal reflux, 
a midesophageal 
stricture should be highly 
suggestive of Barrett's 
esophagus. 


Barrett’s esophagus in patients with reflux symptoms when 
these individuals are classified as being at high, moderate, 
or low risk for Barrett’s esophagus based on specific radio- 
logic criteria.’* Patients classified at high risk for Barrett’s 
esophagus because of a midesophageal stricture or ulcer or 
a reticular pattern are almost always found to have this 
condition, so endoscopy and biopsy should be performed 
for a definitive diagnosis. A larger group of patients are 
classified at moderate risk for Barrett’s esophagus because 
of esophagitis or peptic strictures, so the decision for endos- 
copy should be based on the severity of symptoms, age, and 
overall health of the patient. However, most patients are 
classified at low risk for Barrett’s esophagus because of the 
absence of esophagitis or strictures, and the risk of Barrett’s 
esophagus is so small in this group that these individuals 
can be treated for their reflux symptoms without need for 
endoscopy. Double contrast esophagograms can therefore 
be used to separate patients into these various risk groups 
for Barretts esophagus to determine the relative need for 
endoscopy. 


Infectious esophagitis 
Candida esophagitis 


Candida albicans is by far the most common cause of 
infectious esophagitis. It usually occurs as an opportunistic 


Chapter 3: Esophagus 


Fig. 3.18 Barrett's 
esophagus with a reticular 
pattern. There is a mild 
stricture in the 
midesophagus (black arrow) 
with a delicate reticular 
pattern of the mucosa 
extending distally a 
considerable distance from 
the stricture (to white 
arrows). This distinctive 
reticular pattern is thought 
to be highly suggestive, 

if not diagnostic, of Barrett's 
esophagus. (Reprinted 

with permission from 
reference 12) 


infection in immunocompromised patients, including those 
with acquired immunodeficiency syndrome (AIDS), but 
Candida esophagitis may also result from local esophageal 
stasis due to severe esophageal motility disorders such as 
achalasia and scleroderma.'* Some patients with these 
motility disorders may develop a foamy esophagus 
manifested on esophagography by innumerable tiny bubbles 
layering out in the barium column; this phenomenon 
presumably results from esophageal infection by a yeast 
form of the organism. Only about 50% of patients with 
Candida esophagitis have oropharyngeal candidiasis (i.e., 
thrush), so the absence of oropharyngeal disease in no way 
excludes this diagnosis. 

Double contrast esophagography has a sensitivity as high as 
90% in detecting Candida esophagitis,'® primarily because of 
the ability to demonstrate mucosal plaques with this technique. 
Candida esophagitis is typically manifested on double contrast 
studies by discrete plaque-like lesions, seen as linear or irregu- 
lar filling defects on the mucosa. These plaque-like lesions tend 
to be oriented longitudinally in relation to the long axis of the 
esophagus and are usually separated by segments of normal 
intervening mucosa (Fig. 3.19).'*'° 

During the past few decades, a much more fulminant form 
of candidiasis has been encountered in patients with AIDS, 
who may present with a grossly irregular or shaggy esophagus 
due to innumerable coalescent plaques and pseudomembranes 
with trapping of barium between these lesions (Fig. 3.20).'* 
Some of the plaques may eventually slough, producing one or 


Fig. 3.19 Candida 
esophagitis with 
plaques. Multiple 
discrete plaque-like 
lesions are seen in the 
midesophagus. Note 
how many of the 
plaques have a linear 
configuration and are 
oriented longitudinally in 
relation to the long axis 
of the esophagus. These 
findings are characteristic 
of Candida esophagitis. 


more ulcers superimposed on a background of diffuse plaque 
formation. When typical findings of Candida esophagitis are 
seen on barium studies, affected individuals can be treated 
with antifungal agents such as fluconazole without need for 
endoscopy. 


Herpes esophagitis 

The herpes simplex virus is another frequent cause of infec- 
tious esophagitis. Most patients with this condition are 
immunocompromised, but herpes esophagitis may occasion- 
ally develop as an acute, self-limited disease in otherwise 
healthy patients.'* Herpes esophagitis is initially manifested 
by small esophageal vesicles that subsequently rupture to form 
discrete, punched-out ulcers on the mucosa. Although herpetic 
lesions may be present in the oropharynx, most patients do not 
have signs of oropharyngeal disease, and others with herpetic 
infection of the oropharynx are found to have Candida 
esophagitis. 

Herpes esophagitis is typically manifested on double con- 
trast studies by small, discrete ulcers in the upper or mideso- 
phagus on a normal background mucosa (Fig. 3.21).'” The 
ulcers can have a punctate or stellate appearance and are often 
surrounded by radiolucent mounds of edema. In the appro- 
priate clinical setting, the radiologic finding of multiple small, 
discrete esophageal ulcers without plaques should be highly 
suggestive of herpes esophagitis, since ulceration in candidiasis 
almost always occurs on a background of diffuse plaque 
formation. 
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Fig. 3.20 Candida 
esophagitis with a 
shaggy esophagus. This 
patient with AIDS has a 
grossly irregular or 
shaggy esophagus due 
to innumerable 
coalescent plaques and 
pseudomembranes with 
trapping of barium 
between these lesions. 
One of the plaques has 
sloughed, producing a 
deep ulcer (arrow) 
superimposed on a 
background of diffuse 
plaque formation. 
(Reproduced with 
permission from Levine 
MS, Woldenberg R, 
Herlinger H, et al. 
Opportunistic 
esophagitis in AIDS: 
radiographic diagnosis. 
Radiology 1987;165: 
815-820) 


Herpes esophagitis in otherwise healthy patients may be 
manifested on barium studies by innumerable tiny ulcers 
clustered together in the midesophagus below the level of the 
left main bronchus (Fig. 3.22).'* The ulcers are even smaller 
than those in immunocompromised patients with herpes 
esophagitis, presumably because these individuals have an 
intact immune system that can prevent the ulcers from enlarg- 
ing. Otherwise healthy patients with herpes esophagitis typic- 
ally present with a flu-like syndrome consisting of fevers, 
headaches, myalgias, and upper respiratory symptoms for a 
period of 3 to 10 days prior to the sudden onset of severe 
odynophagia.'* Thus, the diagnosis can be suggested based on 
the clinical and radiographic findings in these patients without 
need for endoscopy. 


Fig. 3.21 Herpes 
esophagitis with 
discrete ulcers. There 
are multiple small, 
discrete ulcers in the 
midesophagus with 
surrounding radiolucent 
mounds of edema 
(arrows). In the 
appropriate clinical 
setting, these findings 
should be highly 
suggestive of herpes 
esophagitis, since 
ulceration in candidiasis 
only occurs on a 
background of diffuse 
plaque formation (see 
Fig. 3.20). 


Fig. 3.22 Herpes 
esophagitis in an 
otherwise healthy 
patient. Multiple 
punctate ulcers are 
seen clustered together 
in the midesophagus. 
(Reproduced with 
permission from 
DeGaeta L, Levine MS, 
Guglielmi GE, et al. 
Herpes esophagitis in an 
otherwise healthy 
patient. AJR 1985; 
144:1205-1206) 


Cytomegalovirus esophagitis 
Cytomegalovirus (CMV) is another member of the herpes 
virus group that causes esophagitis in patients with AIDS. 
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Fig. 3.23 
Cytomegalovirus 
esophagitis in a 
patient with AIDS. 

A giant, ovoid ulcer 
(arrows) is seen en face 
in the midesophagus 
with a smooth, thin rim 
of edema surrounding 
the ulcer. This ulcer 

is impossible to 
differentiate from the 
human immunodeficiency 
virus ulcer illustrated in 
Fig. 3.24. (Courtesy of 
Kyunghee C. Cho, M.D, 
New York, NY) 


CMV esophagitis may be manifested on double contrast stud- 
ies by the development of one or more giant, flat ulcers that are 
several centimeters or more in length (Fig. 3.23).'* The ulcers 
can have an ovoid or diamond-shaped configuration and are 
often surrounded by a thin radiolucent rim of edematous 
mucosa. Because herpetic ulcers rarely become this large, the 
presence of one or more giant ulcers should suggest CMV 
esophagitis in patients with AIDS. However, the differential 
diagnosis also includes giant HIV esophageal ulcers (see next 
section, Human immunodeficiency virus esophagitis). Because 
CMV esophagitis is treated with relatively potent antiviral 
agents (such as ganciclovir) that cause bone marrow toxicity, 
endoscopy (with biopsy specimens, brushings, and cultures 
from the esophagus) is required to confirm the presence of 
CMV before treating these patients. 


Human immunodeficiency virus esophagitis 


Human immunodeficiency virus (HIV) infection of the 
esophagus can lead to the development of giant esophageal 


Fig. 3.24 Human 
immunodeficiency 
virus esophagitis in a 
patient with AIDS. 

A giant, ovoid ulcer 
(arrows) is seen en face in 
the midesophagus with a 
thin rim of edema 
surrounding the ulcer. 
This ulcer cannot be 
differentiated from the 
cytomegalovirus ulcer 
illustrated in Fig. 3.23. 
(Reproduced with 
permission from 
reference 19) 


ulcers indistinguishable from those caused by CMV esopha- 
gitis. Double contrast esophagograms typically reveal one or 
more large, ovoid or diamond-shaped ulcers surrounded by a 
thin radiolucent rim of edema, often associated with small 
satellite ulcers (Fig. 3.24).!? The diagnosis is confirmed by 
obtaining endoscopic biopsy specimens, brushings, or cultures 
to rule out CMV esophagitis as the cause of the ulcers. Unlike 
CMV ulcers, HIV-related esophageal ulcers usually heal mark- 
edly on treatment with oral steroids.’ Thus, endoscopy is 
required in HIV-positive patients with giant esophageal ulcers 
to differentiate esophagitis caused by HIV and CMV, so 
appropriate therapy can be instituted. 


Other inflammatory conditions 
Eosinophilic esophagitis 


Eosinophilic esophagitis (EoE) is an inflammatory condition 
of unknown etiology characterized by intraepithelial eosino- 
philia in the esophagus. During the past decade, EoE has been 
diagnosed with greater frequency because of an increasing 
prevalence or an increasing awareness of the disease, or per- 
haps a combination of both. In adults, EoE tends to affect 
young men who present with long-standing dysphagia and 
occasional food impactions. These patients often, but not 
always, have an atopic history, asthma, or peripheral eosino- 
philia. The diagnosis is confirmed on endoscopic biopsy spe- 
cimens showing more than 20 eosinophils per high-power 
field.’ Patients with EoE can have a marked response to 
treatment with steroids, especially inhaled steroid prepar- 
ations.” Esophageal strictures can also be treated by endo- 
scopic dilatation procedures. 
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Fig. 3.25 Eosinophilic 
esophagitis with a 
stricture. There is a long, 
smooth stricture (arrows) 
with tapered proximal 
and distal margins in the 
midesophagus. This 
patient had asthma and 
multiple allergies. 


Patients with EoE may develop upper, mid-, or distal esopha- 
geal strictures, typically seen on esophagography as long seg- 
ments of symmetric narrowing with a smooth contour and 
tapered margins (Fig. 3.25), though occasional strictures can be 
more focal or irregular. Other patients with EoE may have a 
variable number of distinctive ring-like indentations (typically in 
the region of a stricture), producing a ringed esophagus 
(Fig. 3.26).”° Still other patients may have a small-caliber esopha- 
gus characterized by long segment narrowing of most or all of the 
thoracic esophagus; the narrowed segment usually has a smooth, 
uniform contour and tapered margins that merge gradually with 
the adjacent esophagus (Fig. 3.27).”’ Most patients with a small- 
caliber esophagus have a mean thoracic esophageal diameter of 
20mm or less, whereas most normal patients have a mean 
thoracic esophageal diameter greater than 20mm, so this is 
a useful threshold diameter for suggesting the diagnosis of 
EoE.” Both the ringed esophagus and small-caliber esophagus 
are thought to be highly predictive of EoE on barium studies. 


Drug-induced esophagitis 

Tetracycline and its derivative, doxycycline, are the two 
agents most commonly responsible for drug-induced esopha- 
gitis in the United States, but other offending medications 
include potassium chloride, quinidine, aspirin or other non- 
steroidal anti-inflammatory drugs (NSAIDs), and alendronate.” 


Fig. 3.26 Eosinophilic 
esophagus with a ringed 
esophagus. A mild 
stricture is seen in the distal 
esophagus with multiple 
distinctive ring-like 
indentations (arrows) in the 
region of the stricture. 

A ringed esophagus is 
characteristic of 
eosinophilic esophagitis. 


Affected individuals typically ingest the medication with little 
or no water immediately before going to bed. The pills or 
capsules tend to lodge in the upper or midesophagus where it 
is compressed by the adjacent aortic arch or left main bron- 
chus. Prolonged contact of the esophageal mucosa with the 
pills presumably causes a focal contact esophagitis. Affected 
individuals may present with severe odynophagia, but there is 
usually marked clinical improvement after withdrawal of the 
causative agent. 

The radiographic findings in drug-induced esophagitis 
depend on the nature of the offending medication. Tetracyc- 
line and doxycycline are associated with the development of 
small, discrete ulcers in the upper or midesophagus indistin- 
guishable from those in herpes esophagitis (Fig. 3.28).” 
Because of the superficial nature of the disease, these ulcers 
almost always heal without associated stricture formation. 
In contrast, other offending medications may cause more 
severe esophagitis, leading to the development of large ulcers 
(Fig. 3.29) and subsequent strictures.” 


Radiation esophagitis 

A radiation dose of 5000 cGy or more to the mediastinum 
may cause severe injury to the esophagus. Acute radiation 
esophagitis usually occurs 2 to 4 weeks after the initiation 
of radiation therapy. This condition may be manifested by 
ulceration or by a granular appearance of the mucosa and 
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Fig. 3.27 Eosinophilic 
esophagitis with a small- 
caliber esophagus. There is 
marked loss of caliber of the 
entire thoracic esophagus 
without a discrete stricture. In a 
young man with allergies, 
asthma, or both, a small-caliber 
esophagus is virtually 
pathognomonic of eosinophilic 
esophagitis. 


Fig. 3.29 Drug-induced 
esophagitis with a giant 
ulcer. A giant, flat, aspirin- 
induced ulcer (arrows) is seen 
in the midesophagus. In a 
patient with AIDS, 
cytomegalovirus and human 
immunodeficiency virus 
esophagitis could produce 
similar findings (see Figs. 3.23 
and 3.24). 


Fig. 3.28 Drug- 
induced esophagitis 
with discrete ulcers. 
Several small, discrete 
ulcers (arrows) are 
present in the 
midesophagus. This 
patient had a recent 
history of tetracycline 
ingestion. Herpes 
esophagitis could 
produce similar findings 
(see Fig. 3.21). 
(Reproduced with 
permission from Levine 
MS. Radiology of the 
esophagus. Philadelphia: 
WB Saunders, 1989) 


decreased distensibility due to edema and inflammation of 
the irradiated segment.” The extent of disease conforms to 
the margins of the radiation portal. Most cases of acute 
radiation esophagitis are self-limited, but some patients 
may have progressive dysphagia due to the development of 
radiation strictures 4-8 months after completion of radiation 
therapy.” These strictures typically appear as smooth, 
tapered areas of concentric narrowing within a pre-existing 
radiation portal (Fig. 3.30). Fistula formation is another 
uncommon complication of chronic radiation injury to the 
esophagus. 


Caustic esophagitis 

Ingestion of lye or other caustic agents can lead to a severe 
form of injury characterized by marked esophagitis and 
stricture formation. When esophagography is performed 
immediately after a patient ingests a caustic agent, water- 
soluble contrast media should be used because of the risk 
of esophageal perforation. Such studies may reveal marked 
edema, spasm, and ulceration of the affected esophagus, 
and in some cases, esophageal disruption.”* Follow-up 
studies may reveal marked stricture formation, typically 
involving a long segment of the thoracic esophagus 
(Fig. 3.31), occasionally necessitating esophageal replace- 
ment surgery such as a colonic interposition.”~ Chronic 
lye strictures are associated with an increased risk of 
esophageal carcinoma,” so a new area of mucosal 
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Fig. 3.30 Radiation 
stricture. A smooth, 
tapered area of 
concentric narrowing 
(arrows) is seen in the 
midesophagus due to 
mediastinal irradiation. 


irregularity or nodularity in a pre-existing lye stricture 
should raise concern about a developing carcinoma. 


Other esophagitides 


Alkaline reflux esophagitis is caused by reflux of bile or 
pancreatic secretions into the esophagus after partial or total 
gastrectomy.” The esophagitis is characterized on barium 
studies by nodularity or ulceration of the mucosa, or in severe 
disease, by the development of distal esophageal strictures 
that may progress rapidly in length and severity over a short 
period of time.” The risk of developing alkaline reflux 
esophagitis can be decreased by performing a Roux-en-Y type 
of reconstruction to prevent or minimize reflux of bile or 
pancreatic secretions into the esophagus after partial or total 
gastrectomy. 

Nasogastric intubation is an uncommon cause of esopha- 
gitis and formation of relatively long strictures in the distal 
esophagus (Fig. 3.32).”* It has been postulated that these stric- 
tures result from severe reflux esophagitis caused by constant 
reflux of acid around the tube into the distal esophagus. Such 
strictures may progress rapidly in length and severity on 
follow-up barium studies. 

Other uncommon causes of esophagitis include Crohn’s 
disease, acute alcohol-induced esophagitis, chronic graft- 
versus-host disease, Behcet’s disease, and, rarely, skin disorders 
involving the esophagus, such as benign mucous membrane 
pemphigoid and epidermolysis bullosa dystrophica.” 


Fig. 3.31 Lye stricture. A long 
segment of marked narrowing is 
seen in the thoracic esophagus 
due to severe scarring from 
previous caustic ingestion. This 
degree and severity of esophageal 
narrowing is characteristic of a 
chronic lye stricture. 


Fig. 3.32 Nasogastric 
intubation stricture. 
This patient has a 
nasogastric intubation 
stricture manifested by a 
ong segment of marked 
narrowing (black arrows) 
in the distal esophagus. 
An unsuccessful attempt 
o dilate the stricture was 
complicated by an 
esophagopleural fistula 
small white arrow) with 
water-soluble contrast 
material entering an 
extraluminal collection 
large white arrows) in 
he left pleural space. 


Benign tumors 
Squamous papilloma 


Squamous papillomas are uncommon benign tumors in the 
esophagus. These lesions consist histologically of a central 
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Fig. 3.33 Squamous 
papilloma. This patient 
has a small, slightly 
lobulated papilloma 
(arrow) in the 
midesophagus. Also note 
trapping of barium in the 
interstices of the tumor. 
(Courtesy of Harry Allen 
III, M.D., Norfolk, VA) 


ES 


fibrovascular core with multiple finger-like projections 
covered by hyperplastic squamous epithelium. Papillomas usu- 
ally appear on double contrast esophagography as small, sessile 
polyps with a smooth or slightly lobulated contour (Fig. 3.33).”° 
Papillomas are occasionally difficult to distinguish on barium 
studies from small esophageal cancers, so biopsy or resection 
of these lesions may be required. Other patients can have innu- 
merable papillomas in the esophagus, a rare entity known as 
esophageal papillomatosis. 


Glycogenic acanthosis 


Glycogenic acanthosis is a benign condition in which there 
is accumulation of cytoplasmic glycogen in the squamous epi- 
thelial cells lining the esophagus, causing focal, plaque- 
like thickening of the mucosa.” It is a benign, degenerative 
condition, occurring primarily in elderly individuals. Glyco- 
genic acanthosis may be manifested on double contrast studies 
by multiple small, rounded nodules or plaques in the mid- or, 
less commonly, distal esophagus (Fig. 3.34).7* The major con- 
sideration in the differential diagnosis is Candida esophagitis. 
However, the plaques of candidiasis tend to be linear, and this 
infection typically occurs in immunocompromised patients 
with odynophagia, whereas the nodules of glycogenic acantho- 
sis tend to have a more rounded appearance, and this condition 
usually occurs in older individuals who are not immunocom- 
promised and have no esophageal symptoms. Thus, it is usually 
possible to differentiate glycogenic acanthosis from Candida 
esophagitis based on the clinical and radiographic findings. 


Leiomyoma 


Leiomyomas are by far the most common benign submucosal 
tumors in the esophagus. Unlike gastrointestinal stromal 


Fig. 3.34 Glycogenic 
acanthosis. Multiple 
small, rounded nodules 
and plaques are seen in 
the midesophagus. 
Candida esophagitis 
could produce similar 
findings, but this was an 
elderly patient who had 
no esophageal 
symptoms and was not 
immunocompromised. 


tumors (GISTs) elsewhere, esophageal leiomyomas almost 
never undergo malignant degeneration and, unlike GISTs in 
the stomach, they are rarely ulcerated.” Patients with esopha- 
geal leiomyomas usually are asymptomatic but may occasion- 
ally present with dysphagia, depending on the size of the 
tumor and how much it encroaches on the lumen. 

When esophageal leiomyomas grow exophytically into 
the mediastinum, they can sometimes be recognized on 
chest radiographs by the presence of a mass in the right 
superior mediastinum, rarely containing dense calcification. 
Leiomyomas are usually manifested on barium studies by a 
smooth submucosal mass, etched in white, that forms right 
angles or slightly obtuse angles with the adjacent esophageal 
wall when viewed in profile (Fig. 3.35).”° These lesions may 
therefore be indistinguishable from other mesenchymal 
lesions such as fibromas, neurofibromas, hemangiomas, 
and granular cell tumors, except that leiomyomas are more 
likely on empirical grounds. 


Fibrovascular polyp 


Fibrovascular polyps are rare benign mesenchymal tumors 
characterized by a pedunculated intraluminal mass that can 
grow to enormous sizes in the esophagus. These lesions consist 
histologically of varying amounts of fibrovascular and adipose 
tissue covered by normal squamous epithelium.”° Fibrovascu- 
lar polyps are almost always thought to arise at or near the 
level of the cricopharyngeus, gradually elongating as they are 
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Fig. 3.35 Leiomyoma. 
This lesion has a smooth 
surface etched in white 
(arrows) and the slightly 
obtuse margins 
characteristic of a 
submucosal mass viewed 
in profile. 


dragged inferiorly by esophageal peristalsis.” Some of these 
polyps can become so large that they cause dysphagia or 
wheezing due to extrinsic compression of the trachea by the 
polyp. Rarely, these patients have a spectacular presentation 
with regurgitation of a fleshy mass into the pharynx or mouth 
or even asphyxia and sudden death if the regurgitated polyp 
occludes the larynx.”° 

Fibrovascular polyps typically appear on barium studies as 
smooth, expansile, sausage-shaped masses expanding the 
lumen of the upper esophagus or upper and midesophagus 
(Fig. 3.36).”° Because they always arise at or near the crico- 
pharyngeus, other diagnostic possibilities should be considered 
for lesions that spare the proximal esophagus. A discrete ped- 
icle or pseudo-pedicle may occasionally be seen originating 
from the upper end of the polyp. 


Malignant tumors 


Esophageal carcinoma 
Pathologic and clinical aspects 


Esophageal carcinoma comprises about 1% of all cancers 
in the United States and 7% of all GI tumors.” Fifty percent 
of esophageal cancers are squamous cell carcinomas and 
50% are adenocarcinomas, which always arise on a back- 
ground of Barretts mucosa in the esophagus.” The risk of 
developing adenocarcinoma in patients with Barretts esopha- 
gus is thought to be 30 to 40 times greater than that in the 
general population.” There is considerable evidence that 


Fig. 3.36 Giant 
fibrovascular polyp. 
There is a smooth, 
sausage-shaped mass 
arrows) expanding the 
umen of the upper 
horacic esophagus. 
Also note a proximal 
pseudo-pedicle 
extending superiorly 
owards the lower 
cervical esophagus. 
These findings are 
characteristic of a giant 
fibrovascular polyp. 
Reproduced with 
permission from 
reference 26) 


these cancers develop via a dysplasia-carcinoma sequence. 
Many experts therefore advocate endoscopic surveillance of 
asymptomatic patients with known Barrett’s esophagus in 
order to detect these dysplastic changes at the earliest possible 
stage.” 

Patients with esophageal cancer usually present with dys- 
phagia, but this is a late finding that almost always develops 
after the tumor has invaded the adjacent mediastinum. As a 
result, most patients have advanced disease at the time of 
diagnosis, with overall 5-year survival rates of less than 
10%.” It should also be recognized that the subjective sensa- 
tion of dysphagia is unreliable for localizing these tumors; 
dysphagia is often referred upwards (but never downwards), 
so patients complaining of food sticking at the level of the 
thoracic inlet or pharynx may have lesions involving the distal 
esophagus or even the gastric cardia masquerading as pharyn- 
geal disease. 

Early esophageal cancer is defined histologically as cancer 
limited to the mucosa or submucosa without lymph node 
metastases. Unlike advanced carcinoma, early esophageal 
cancer is a readily curable lesion with 5-year survival rates of 
90 to 95%.” Though early diagnosis of esophageal cancer is 
usually limited by the late onset of symptoms, occasional 
patients may present with dysphagia or upper gastrointestinal 
bleeding while the tumor is still at an early stage. Patients with 
early adenocarcinomas may also seek medical attention 
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Fig. 3.37 Early 
esophageal cancer. 

A small polypoid lesion 
(arrows) is seen in 

the upper thoracic 
esophagus. This was an 
early squamous cell 
carcinoma. 


because of their underlying reflux disease, so some early 
esophageal cancers are detected fortuitously in patients with 
reflux symptoms.” 


Radiographic findings 

Early esophageal cancers are usually small, protruded lesions 
less than 3.5cm in size. These tumors may be manifested on 
double contrast studies by plaque-like lesions (sometimes con- 
taining a flat central ulcer), sessile polyps with a smooth or 
slightly lobulated contour (Fig. 3.37), or focal irregularity of 
the esophageal wall.?”?° Early adenocarcinomas in Barretts 
esophagus may also be recognized by a focal area of flattening 
or irregularity within a pre-existing peptic stricture. 

Superficial spreading carcinoma is another form of early 
esophageal cancer characterized on double contrast studies by 
poorly defined mucosal nodules or plaques that merge with 
one another, producing a confluent area of disease 
(Fig. 3,38).?”8 These lesions can sometimes be confused with 
localized Candida esophagitis, but the plaques in candidiasis 
tend to be discrete lesions with normal intervening mucosa, 
whereas the nodules in superficial spreading carcinoma tend to 
coalesce, producing a confluent area of disease. 

Advanced esophageal carcinomas usually appear on 
barium studies as infiltrating, polypoid, ulcerative, or, less 
commonly, varicoid lesions.” Infiltrating carcinomas are 
manifested by irregular luminal narrowing with mucosal 
nodularity or ulceration and abrupt, shelf-like borders 
(Fig. 3.39). Polypoid carcinomas appear as lobulated intralum- 
inal masses (Fig. 3.40). Primary ulcerative carcinomas are 
usually manifested by a giant, meniscoid ulcer surrounded by 
a thick, irregular radiolucent rind of tumor (Fig. 3.41). Finally, 


Fig. 3.38 Superficial 
spreading carcinoma. 
There is a focal cluster of 
poorly defined nodules in 
the midesophagus, 
producing a confluent 
area of disease. This 
appearance should be 
differentiated from the 
discrete plaques of 
Candida esophagitis (see 
Fig. 3.19) and glycogenic 
acanthosis (see Fig. 3.34). 


Fig. 3.39 Infiltrating 
esophageal carcinoma. 
There is a long segment 
of irregular narrowing in 
the midesophagus with a 
nodular, ulcerated 
contour and relatively 
abrupt proximal and 
distal margins (arrows). 
These findings are 
characteristic of an 
advanced infiltrating 
carcinoma. 
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Fig. 3.40 Polypoid 
esophageal carcinoma. 
A discrete polypoid mass 
is present in the distal 
esophagus. (Reproduced 
with permission from 
Levine MS. Radiology of 
the esophagus. 
Philadelphia: WB 
Saunders, 1989) 


Fig. 3.42 Varicoid 
esophageal carcinoma. 
Multiple large 
submucosal defects are 
seen in the distal 
esophagus due to 
submucosal spread of 
tumor. This lesion had a 
fixed configuration, 
whereas varices would 
be expected to change 
in size and shape at 
fluoroscopy. (Reproduced 
with permission from 
reference 29) 


Fig. 3.41 Ulcerative 
esophageal carcinoma. 
A large meniscoid ulcer 
white arrows) is seen in 
he distal esophagus, 
surrounded by a thick, 
irregular rind of tumor 
black arrows). This 
appearance should be 
differentiated from the 
hin rim of edema 
associated with giant 
benign ulcers due 

o cytomegalovirus 

and human 
immunodeficiency virus 
esophagitis (see Figs. 3.23 
and 3.24). (Reproduced 
with permission from 
Levine MS. Radiology of 
the esophagus. 
Philadelphia: WB 
Saunders, 1989) 


Squamous cell carcinomas and adenocarcinomas of 
the esophagus cannot be reliably differentiated on barium 
studies. Nevertheless, squamous cell carcinomas tend to 
varicoid carcinomas are those in which submucosal spread of involve the upper or midesophagus, whereas adenocarcinomas 
tumor results in thickened, tortuous defects, mimicking the are located predominantly in the distal esophagus. Unlike 
appearance of varices (Fig. 3.42). However, varicoid tumors squamous cell carcinomas, esophageal adenocarcinomas also 
have a fixed configuration, whereas varices tend to change in have a marked tendency to invade the gastric cardia or fundus 
size and shape at fluoroscopy. Also, varices rarely cause dys- (Fig. 3.43), comprising as many as 50% of all malignant 
phagia because they are soft, compressible structures. tumors involving the gastroesophageal junction. 


Chapter 3: Esophagus 


Fig. 3.43 
Adenocarcinoma of the 
distal esophagus 
invading the stomach. 
A right lateral view of the 
gastric fundus shows 
irregular areas of 
ulceration (white arrows) 
with obliteration of the 
cardiac rosette. Also 

note tumor (black 
arrows) in the distal 
esophagus. This patient 
had an esophageal 
adenocarcinoma arising 
in Barrett's esophagus 
that was invading the 
stomach. (Reproduced 
with permission from 
reference 29) 


Double contrast esophagography has proven to be a valu- 
able technique for diagnosing esophageal carcinoma with a 
sensitivity of greater than 95% in detecting these lesions in 
relation to endoscopy.’ Thus, unnecessary endoscopy can be 
avoided in patients with dysphagia if there is no evidence of 
tumor on barium studies. 


Other malignant tumors 

Non-Hodgkin’s lymphoma and, rarely, Hodgkin’s lymphoma 
may involve the esophagus. Esophageal lymphoma may be 
manifested on barium studies by multiple submucosal masses, 
polypoid lesions, enlarged folds, or strictures. Spindle cell 
carcinoma is another rare malignant tumor with a biphasic 
morphology, containing both carcinomatous and sarcomatous 
cells.*! These lesions may have distinctive radiographic fea- 
tures, appearing as bulky polypoid intraluminal masses that 
expand the lumen without causing obstruction (Fig. 3.44).”! 
Rarely, primary malignant melanoma of the esophagus may 
produce identical findings.** 


Lower esophageal rings 


Lower esophageal rings are a common finding on esophago- 
graphy, but only a small percentage of patients with rings have 
dysphagia; the term Schatzki ring is reserved for symptomatic 
patients. Lower esophageal rings are almost always located at 
the gastroesophageal junction. Histologically, the superior sur- 
face of the ring is lined by squamous epithelium and the 
inferior surface by columnar epithelium. The exact pathogen- 
esis of Schatzki rings is uncertain, but some rings are thought 
to develop as a result of scarring from reflux esophagitis. 
Schatzki rings typically appear on esophagography as 1 to 
3 mm in length, symmetric, web-like constrictions (usually less 
than 13mm in diameter) at the gastroesophageal junction 
above a hiatal hernia (Figs. 3.45 and 3.46).”* The rings can be 
missed if the distal esophagus is not adequately distended at 


Fig. 3.44 Spindle cell 
carcinoma. This patient 
has a bulky polypoid 
intraluminal mass 
expanding the lumen of 
the midesophagus 
without causing 
obstruction. Despite its 
rarity, this appearance 
should suggest spindle 
cell carcinoma, as 
advanced 
adenocarcinomas and 
squamous cell 
carcinomas typically 
infiltrate and narrow the 
lumen, producing very 
different radiographic 
findings (see Fig. 3.39). 


fluoroscopy (see Fig. 3.45A), so it is important to obtain 
prone views of the esophagus during continuous drinking of 
a low-density barium suspension in order to optimally visu- 
alize these structures (see Fig. 3.45B). Conversely, Schatzki 
rings can also be missed if the esophagus is overdistended, 
causing overlap between the lower end of the distal esophagus 
and upper end of the hiatal hernia, so the ring is not visual- 
ized in profile (see Fig. 3.46A).°* This overlap phenomenon 
can be eliminated by obtaining additional views with less 
distention to avoid overlap and demonstrate the ring in 
profile (see Fig. 3.46B). When carefully performed, biphasic 
esophagography is a sensitive technique for detecting Schatzki 
rings, occasionally demonstrating rings that are missed on 
endoscopy.” 


Diverticula 


Esophageal diverticula may be classified as pulsion or traction 
diverticula. The more common pulsion diverticula result 
from esophageal dysmotility with increased intraluminal pres- 
sures in the esophagus, whereas traction diverticula are 
caused by scarring in the soft tissues abutting the esophagus. 
Diverticula most commonly occur in the region of the pha- 
ryngoesophageal junction (i.e., Zenker’s diverticulum), the 
midesophagus, and the distal esophagus within 10cm from 
the gastroesophageal junction (i.e., epiphrenic diverticulum). 
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Other patients may develop multiple tiny outpouchings from 
the esophagus, a condition known as esophageal intramural 
pseudodiverticulosis. 


Pulsion diverticula 

Pulsion diverticula tend to be located in the distal esophagus 
and are often associated with fluoroscopic or manometric 
evidence of esophageal dysmotility. The diverticula are 


Fig. 3.45 Schatzki ring seen only on a prone 
single contrast esophagogram. A. An upright 
double contrast view of the distal esophagus 
shows no evidence of a lower esophageal ring, 
but this region is not optimally distended. B. 

A prone single contrast view from the same study 
shows an unequivocal Schatzki ring (arrows) 
above a hiatal hernia. The ring is only visualized 
when the distal esophagus and hernia are 
distended beyond the caliber of the ring. 


Fig. 3.46 Schatzki ring obscured by the overlap 
phenomenon. A. A prone single contrast view of the 
distal esophagus shows a small hiatal hernia without 
evidence of a lower esophageal ring. However, the 
region of the gastroesophageal junction is not seen in 
profile because of overlap between the distal end of 
the esophagus (large arrows) and the proximal end of 
the hernia (small arrows). B. Another view with less 
distention shows an unequivocal Schatzki ring 
(arrows) when overlap between the distal esophagus 
and hiatal hernia has been eliminated. 


usually detected as incidental findings in patients who have 
no esophageal symptoms. Pulsion diverticula appear on 
barium studies as multiple rounded outpouchings from the 
esophageal lumen that have wide necks and do not empty 
completely when the esophagus collapses (Fig. 3.47).°° A giant 
epiphrenic diverticulum in the distal esophagus may occa- 
sionally fill with debris, causing dysphagia, regurgitation, or 
aspiration (Fig. 3.48).°° 
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Fig. 3.47 Pulsion 
diverticula. Two pulsion 
diverticula are seen in the 
midesophagus as 
rounded outpouchings 
(arrows) with wide necks. 
This patient had 
associated esophageal 
dysmotility with multiple 
weak non-peristaltic 
contractions. 


Traction diverticula 


Traction diverticula almost always occur as solitary outpouch- 
ings from the midesophagus and are usually caused by scarring 
from tuberculosis or histoplasmosis involving perihilar or 
subcarinal lymph nodes.”° Traction diverticula are true diver- 
ticula containing all layers of the esophageal wall, so they 
maintain their elastic recoil. As a result, they tend to empty 
their contents when the esophagus collapses.” Traction diver- 
ticula usually have a triangular or tented appearance on 
barium studies, resulting from traction on the diverticulum 
by the fibrotic process in the adjacent mediastinum 
(Fig. 3.49).°° As a result, it is usually possible to distinguish 
traction diverticula from pulsion diverticula on the basis of the 
radiographic findings. 


Esophageal intramural pseudodiverticula 


Esophageal intramural pseudodiverticula consist pathologic- 
ally of dilated excretory ducts of deep mucous glands in the 
esophagus. The pseudodiverticula typically appear on esoph- 
agography as flask-shaped outpouchings in longitudinal rows 
parallel to the long axis of the esophagus (Fig. 3.50).°” The 
pseudodiverticula classically have a diffuse distribution in the 
esophagus and are sometimes associated with strictures in 
the upper or midesophagus (see Fig. 3.50). It is more common, 
however, to have an isolated cluster of pseudodiverticula in the 
distal esophagus in the region of a peptic stricture (Fig. 3.51).°” 
In such cases, the pseudodiverticula most likely occur as a 
sequela of scarring from reflux esophagitis. 


Fig. 3.48 Giant epiphrenic diverticulum. A giant diverticulum (large arrows) 
is seen arising from the right lateral wall of the distal esophagus near the 
gastroesophageal junction. Considerable barium is retained within the 
diverticulum. There is a second, much smaller epiphrenic diverticulum (small 
arrow) arising from the left lateral wall of the distal esophagus. 


Fig. 3.49 Traction 
diverticulum. A single 
diverticulum (arrows) 
with a flat, tented border 
is seen arising from the 
midesophagus. 
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Fig. 3.50 Esophageal 
intramural 
pseudodiverticulosis 
with a high esophageal 
stricture. Multiple tiny 
pseudodiverticula (white 
arrows) are seen 
extending above and 
below the level of a 
smooth, tapered stricture 
(black arrows) in the 
midesophagus. 


When viewed en face on double contrast esophagogra- 
phy, esophageal intramural pseudodiverticula are some- 
times mistaken for tiny ulcers. When viewed in profile, 
however, they often appear to be floating or levitating 
outside the wall of the esophagus without any apparent 
communication with the lumen (see Fig. 3.51), whereas true 
esophageal ulcers are almost always seen to communicate 
directly with the lumen. This sign is therefore extremely 
helpful for differentiating esophageal intramural pseudodi- 
verticula from ulcers. 


Varices 


Esophageal varices may be classified as uphill or downhill. 
Uphill varices are caused by portal hypertension with 
increased pressure in the portal venous system transmitted 
upward via dilated esophageal collaterals to the superior vena 
cava. In contrast, downhill varices are caused by obstruction 
of the superior vena cava with downward flow via dilated 
esophageal collaterals to the portal venous system and infe- 
rior vena cava. Uphill varices are much more common than 
downhill varices. Whether uphill or downhill, varices are 
important because of the risk of upper gastrointestinal 
bleeding. 


Fig. 3.51 Esophageal 
intramural 
pseudodiverticulosis 
with a peptic stricture. 
The pseudodiverticula 
are confined to the distal 
esophagus in the region 
of a peptic stricture 
white arrow). When 
viewed en face, these 
pseudodiverticula could 
easily be mistaken for 
iny ulcers. When viewed 
in profile, however, the 
pseudodiverticula (black 
arrows) appear to be 
floating outside the wall 
of the esophagus, a 
radiologic clue to the 
presence of these 
structures, 


Uphill varices 


Uphill esophageal varices develop as a result of portal hyper- 
tension or other causes of portal venous obstruction. Varices 
appear on barium studies as serpiginous or tortuous longitu- 
dinal filling defects in the distal half of the thoracic esophagus 
(Fig. 3.52).°° They are best seen on mucosal relief views of the 
collapsed esophagus using a high-density barium suspension 
to increase mucosal adherence. The differential diagnosis for 
varices includes submucosally spreading tumors and esopha- 
gitis with thickened folds due to edema and inflammation 
extending into the submucosa. 


Downhill varices 


One of the more common causes of downhill varices is 
bronchogenic carcinoma with metastases to the mediastinum 
causing obstruction of the superior vena cava.’ Additional 
causes include other primary or metastatic tumors in the 
mediastinum, mediastinal irradiation, sclerosing mediastinitis, 
substernal goiter, and catheter-induced thrombosis of the 
superior vena cava. Most patients with downhill varices 
present clinically with superior vena cava syndrome. 

Downhill varices typically appear as serpiginous filling 
defects which, unlike uphill esophageal varices, are confined 
to the upper or midesophagus (Fig. 3.53).°° Venography may 
be performed to confirm the presence of superior vena cava 
obstruction, and chest radiographs or CT may be performed to 
determine the underlying cause. 


Esophageal food impactions 


In adults, esophageal foreign body impactions are most com- 
monly caused by inadequately chewed pieces of meat. These food 
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Fig. 3.52 Uphill 
esophageal varices. Large 
serpiginous defects are 
seen in the lower third of 
the thoracic esophagus due 
to uphill esophageal varices 
associated with portal 
hypertension. 


impactions most often resolve spontaneously, but 10 to 20% 
require some form of therapeutic intervention.” The risk of 
perforation is less than 1% during the first 24 hours, but this risk 
increases substantially after 24 hours because of ischemia and 
pressure necrosis at the site of impaction.” Affected individuals 
typically present with acute onset of dysphagia and substernal 
chest pain. 

Contrast studies are sometimes performed in patients with 
suspected food impaction to confirm the presence of obstruc- 
tion, determine its location, and rule out esophageal perfor- 
ation. An impacted food bolus typically appears as a polypoid 
defect with an irregular meniscus superiorly (see Fig. 3.4).°° 
Because of the degree of obstruction, it is sometimes difficult 
to assess the underlying esophagus. A follow-up barium study 
may therefore be of value 1 to 2 weeks after the impaction has 
resolved to determine whether a pathologic area of narrowing 
precipitated this impaction. The most common cause of 
esophageal food impaction by far is a Schatzki ring.*° 


Fistulas 
Esophageal-airway fistula 


Esophageal-airway fistulas most commonly result from direct 
invasion of the tracheobronchial tree by advanced esophageal 
carcinoma (Fig. 3.54). Other causes include esophageal 
instrumentation, trauma, foreign bodies, and surgery. Affected 
individuals typically present with violent episodes of coughing 


Fig. 3.53 Downhill esophageal varices. 

A. Scalloped defects (arrows) are seen in the upper 
thoracic esophagus above the aortic arch secondary 
to downhill esophageal varices associated with 
obstruction of the superior vena cava. B. The varices 
are completely effaced on another view with greater 
distention of the upper thoracic esophagus. 
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Fig. 3.54 Esophageal 
carcinoma with 
esophagobronchial 
fistula. There is an 
advanced infiltrating 
carcinoma of the 
midesophagus (black 
arrows) with barium 
entering the airway via 
an esophagobronchial 
fistula (white arrow). 


and choking during deglutition. When an esophageal-airway 
fistula is suspected on clinical grounds, barium should be used 
instead of water-soluble contrast agents, because these hyper- 
osmolar agents may cause severe pulmonary edema if a fistula 
is present.” 


Esophagopleural fistula 


Esophagopleural fistulas may be caused by esophageal carcin- 
oma, radiation therapy, surgery, or instrumentation." Such 
patients may present with a pleural effusion, pneumothorax, 
or hydropneumothorax. When an esophagopleural fistula is 
suspected, the presence and location of the fistula can be 
confirmed by studies using water-soluble contrast agents 
(see Fig. 3.32). 


Esophageal injury 
Mallory-Weiss tear 


A Mallory-Weiss tear is a relatively common injury character- 
ized by a linear mucosal laceration in the distal esophagus at or 
near the gastroesophageal junction. Such tears are usually 
caused by violent retching or vomiting after an alcoholic 
binge.” Affected individuals may present with acute upper 
gastrointestinal bleeding, but most tears heal spontaneously, 
so bleeding is usually self-limited. These tears may occasionally 
be recognized on esophagography as linear collections of 
barium in the distal esophagus at or near the gastroesophageal 
junction (Fig. 3.55). 


Esophageal hematoma 


Most esophageal hematomas are caused by a mucosal lacer- 
ation in which the tear is occluded by clotted blood, so 
continued hemorrhage leads to a progressive intramural dis- 
section. The most common cause is traumatic endoscopy or 


Fig. 3.55 Mallory- 
Weiss tear. A linear 
collection of barium 
(arrows) is seen in profile 
on the right lateral wall of 
the distal esophagus. 

A linear ulcer from reflux 
esophagitis could have a 
similar appearance, but 
the correct diagnosis was 
suggested by the clinical 
history. 


other forms of esophageal instrumentation. Affected individ- 
uals may present with sudden onset of severe chest pain, 
dysphagia, or hematemesis. Despite the dramatic clinical pres- 
entation, most esophageal hematomas resolve spontaneously 
in 1 to 2 weeks on conservative treatment.” 

Esophagography may reveal a double-barreled esophagus 
as a result of barium dissecting beneath the mucosa into the 
hematoma.” This intramural collection usually has a smooth 
contour and parallels the esophagus, with a thin radiolucent 
stripe of mucosa between the true and false lumens similar to 
that found in patients with an aortic dissection (Fig. 3.56). 
A double-barreled appearance may also be caused by intra- 
mural tracks from Crohn’s disease, Candida esophagitis, and 
tuberculous esophagitis.” 


Perforation 


If untreated, perforation of the thoracic esophagus is associ- 
ated with mortality rates of nearly 100% because of fulminant 
mediastinitis that occurs in these patients.” Early diagnosis 
is therefore critical. Endoscopy is the most common cause of 
esophageal perforation, accounting for up to 75% of cases.” 
Other causes include foreign bodies, food impactions, penetrat- 
ing and blunt trauma, and spontaneous esophageal perforation 
resulting from a sudden, rapid increase in intraluminal esopha- 
geal pressure (also known as Boerhaave’s syndrome).°° 

Cervical esophageal perforation may be manifested on 
lateral neck radiographs by widening of the prevertebral space 
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Fig. 3.56 Intramural 
hematoma with 
double-barreled 
esophagus. A large, 
ovoid collection (white 
arrows) of water-soluble 
contrast material is seen 
tracking in the wall of the 
esophagus with a thin 
radiolucent stripe (small 
black arrows) separating 
contrast in the collection 
rom contrast in the 
umen. This intramural 
hematoma resulted from 
attempted endoscopic 
dilatation of a stricture in 
he upper esophagus. 
Also note the presence 
of a small, sealed-off 
perforation (large black 
arrow) at the site of the 
stricture. The hematoma 
is filling with barium from 
a laceration at the site of 
the perforation. 


with extraluminal gas or air-fluid levels in this region. In 
contrast, thoracic esophageal perforation may be manifested 
on chest radiographs by mediastinal widening, pneumome- 
diastinum, and a pleural effusion or hydropneumothorax.*° 

Esophagography is often performed on patients with 
suspected esophageal perforation. Some patients may have free 
leaks into the mediastinum (Fig. 3.57), but others may have 
small, sealed-off leaks (Fig. 3.58). Though barium is the most 
sensitive contrast agent for detecting small leaks, it can poten- 
tially cause a granulomatous reaction in the mediastinum and 
may persist indefinitely, compromising follow-up studies to 
assess healing of the leak. In contrast, water-soluble agents do 
not incite a mediastinal reaction and are readily absorbed from 
the mediastinum if a leak is present. However, water-soluble 
contrast agents are less radiopaque than barium and can miss 
a substantial percentage of esophageal perforations.”° If no leak is 
detected with a water-soluble contrast agent (see Fig. 3.58A), it 
is therefore recommended that the examination immediately be 
repeated with high-density barium to increase the radiographic 
sensitivity for detecting subtle leaks (see Fig. 3.58B).°° This 
approach can result in detection of as many as 50% of leaks 
missed with water-soluble contrast agents alone.*® 


Ectopic gastric mucosa 


Ectopic gastric mucosa in the esophagus is a common con- 
genital anomaly resulting from incomplete regression of 
the columnar epithelium lining the fetal esophagus. Unlike 
Barretts esophagus, ectopic gastric mucosa is not 


Fig. 3.57 Spontaneous esophageal perforation (Boerhaave’s syndrome). 
There is focal extravasation of water-soluble contrast material from a 
full-thickness perforation of the left lateral wall of the distal esophagus (black 
arrows) into the left side of the mediastinum (white arrows). This patient 
presented with sudden onset of acute substernal pain precipitated by severe 
retching after an alcoholic binge. (Courtesy of Seth N. Glick, Philadelphia, PA) 


premalignant and has no relation to reflux disease. This patch 
of ectopic mucosa is almost always located on the right lateral 
wall of the upper esophagus at or near the thoracic inlet and 
is therefore known as the inlet patch.’ Ectopic gastric 
mucosa may be manifested on esophagography by a broad, 
flat depression that could be mistaken for ulceration or even 
an intramural dissection (Fig. 3.59)? The appearance and 
location of ectopic gastric mucosa is so characteristic, how- 
ever, that endoscopy is not warranted in asymptomatic 
patients with this finding. 


Esophageal retraction 


When the esophagus is deviated to one side, it can be displaced 
(or pushed) by a mediastinal mass or retracted (or pulled) 
because of scarring and volume loss from surgery, radiation, 
or tuberculosis.*° This differentiation is important because a 
mediastinal mass warrants further investigation with chest CT 
or MR, whereas scarring and volume loss is often a clinically 
trivial finding. It is usually possible to determine whether the 
esophagus is pushed or pulled, using the radiologic sign illus- 
trated in Figs. 3.60A and 3.60B.*° When the esophagus is 
displaced or pushed by an extrinsic mass in the mediastinum, 
it is narrower at this level than above or below the deviated 
segment (Fig. 3.61). When the esophagus is retracted or pulled 
by scarring and volume loss, however, it is wider at this level 
than above or below the deviated segment (Fig. 3.62).*° This 
sign is therefore extremely reliable for differentiating a 
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Fig. 3.59 Ectopic 
gastric mucosa. There is 
a broad, flat depression 
(large arrows) on the 
right lateral wall of the 
upper esophagus near 
the thoracic inlet with 

a pair of shallow 
indentations (smal 
arrows) at its superior and 
inferior borders. While 
this could be mistaken 
for a flat ulcer or even an 
intramural dissection, this 
is the typical appearance 
and location of ectopic 
gastric mucosa in the 
esophagus. (Reproduced 
with permission from 
reference 39) 


mediastinal mass from scarring and volume loss as the cause of 
esophageal deviation. 


Postoperative esophagus 
Nissen fundoplication 


In a Nissen fundoplication, a portion of the gastric fundus is 
loosely wrapped 360 degrees around the distal esophagus to 


Fig. 3.58 Leak from esophagogastric 
anastomosis seen only with high-density 
barium. A. Initial esophagogram with water- 
soluble contrast material shows an 
esophagogastrectomy and gastric pull-through 
without evidence of a leak from the 
esophagogastric anastomosis (arrow). B. A repeat 
esophagogram with high-density barium shows a 
focal leak from the left lateral aspect of the 
esophagogastric anastomosis into a confined 
extraluminal collection (arrows) in the left side of 
the mediastinum. (A and B reproduced with 
permission from reference 38) 


Fig. 3.60 Schematic drawing illustrating pushed versus pulled 
esophagus. A. When the esophagus is displaced or pushed by an 

extrinsic mass in the mediastinum, it is narrower at this level (arrow) than 
above or below the deviated segment. This occurs because the near wall to 
the side of the mass is displaced more than the far wall. B. When the 
esophagus is retracted or pulled by scarring and volume loss, however, it 

is wider at this level (arrow) than above or below the deviated segment. 
This occurs because the near wall to the side of scarring and volume loss is 
retracted more than the far wall. (A and B reproduced with permission from 
reference 40) 


create an antireflux valve.“ The wrap typically appears on 
barium studies as a smooth-surfaced fundal mass surrounding 
the narrowed distal esophagus, which has a smooth, tapered 
appearance due to compression by the wrap (Fig. 3.63A). The 
consistent relationship between the distal esophagus and 
surrounding wrap is often best shown as the patient swallows 
barium in a prone, steep right anterior oblique or right lateral 
position (Fig. 3.63B). 


Chapter 3: Esophagus 


During the early postoperative period, some patients have 
transient dysphagia caused by edema of the wrap; esophago- 
graphy may show enlargement of the wrap, a greater degree of 
distal esophageal narrowing, and delayed emptying of contrast 
material into the stomach (Fig. 3.64).*! Other patients may 
develop a gas bloat syndrome manifested by dysphagia and an 
inability to belch.** In such cases, barium studies may reveal 


Fig. 3.61 Pushed 
esophagus. There is an 
extrinsic indentation 
(arrow) on the left lateral 
wall of the upper thoracic 
esophagus, deviating the 
esophagus to the right. 
Note how the esophagus 
is markedly narrowed at 
the level of deviation. 
This patient had an aortic 
aneurysm displacing and 
compressing the 
esophagus. (Note the 
aortic stent graft.) 


marked narrowing of the distal esophagus due to a tight 
fundoplication wrap.*" 

Complete breakdown of a Nissen fundoplication is usually 
manifested by the development of a hiatal hernia without 
visualization of the wrap (Fig. 3.65), whereas partial break- 
down is manifested by a partly intact wrap associated with one 
or more outpouchings from the gastric fundus.“ A slipped 
Nissen occurs when the proximal stomach telescopes upwards 
through the wrap, so that a portion of the fundus is located 
above the wrap in a hiatal hernia within the lower chest 
(Fig. 3.66). Affected individuals may develop recurrent reflux 
symptoms due to reflux from the acid-secreting portion of the 
stomach above the wrap. Disruption of the diaphragmatic 
sutures (but not the fundoplication sutures) can also lead 


Fig. 3.62 Pulled 
esophagus. The 
esophagus is deviated to 
the right (arrow) on this 
prone spot image 
because of scarring and 
volume loss from chronic 
right upper lobe 
tuberculosis. Note how 
the esophagus is 
considerably widened at 
the level of deviation. 


Fig. 3.63 Normal postoperative findings 
after Nissen fundoplication. A. An upright 
double contrast view shows smooth, tapered 
narrowing (black arrows) of the distal esophagus 
due to compression by the surrounding 
fundoplication wrap (white arrows). B. The 
relationship between the narrowed distal 
esophagus (small arrows) and the surrounding 
wrap (large arrows) is often best delineated on 
prone, steep right anterior oblique views during 
continuous drinking of thin barium. (This is the 
same patient illustrated in Fig. 3.63A,) 
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to a recurrent hiatal hernia despite the presence of an intact 
fundoplication wrap. Other patients may have chronic dyspha- 
gia after Nissen fundoplication because of the development of 
esophageal dysmotility or even an achalasia-like syndrome 
characterized by absent primary peristalsis in the esophagus 
and beak-like distal narrowing due to incomplete opening of 
the lower esophageal sphincter (Fig. 3.67).7 


Esophagogastrectomy and gastric pull-through 


Esophagogastrectomy and gastric pull-through are often per- 
formed for the treatment of patients with adenocarcinoma of 
the distal esophagus, gastroesophageal junction, or proximal 
stomach. The surgery usually consists either of a transhiatal 
esophagogastrectomy with anastomosis of the remaining 
stomach to the cervical esophagus or a transthoracic 


Fig. 3.64 Nissen 
fundoplication with 
postoperative edema 
of wrap. Note marked 
narrowing of the distal 
esophagus (black arrows) 
due to compression by 
an edematous wrap that 
is considerably enlarged 
(white arrows) during 
the early postoperative 
period. 


esophagogastrectomy with abdominal mobilization of the 
remaining stomach and anastomosis to the upper thoracic or 
cervical esophagus.*! 

Leaks from the esophagogastric anastomosis or gastric 
staple line are frequent complications during the early post- 
operative period. Timely diagnosis of postoperative leaks is 
critical because of the high morbidity and mortality associ- 
ated with this complication. As a result, many surgeons 
obtain routine studies with water-soluble contrast agents to 


Fig. 3.66 Slipped 
Nissen fundoplication. 
This patient has a 
slipped Nissen 
fundoplication (large 
arrows) surrounding a 
recurrent hiatal hernia. 
ote how the 
gastroesophageal 
junction (with its mucosal 
junction ring) (small 
arrows) is located above 
he wrap. 


Fig. 3.65 Breakdown of Nissen 
fundoplication. A. Initial view shows 
evidence of an intact fundoplication wrap 
with narrowing (black arrows) of distal 
esophagus by surrounding wrap (white 
arrows). B. Another view from a repeat 
study 2 years later shows a recurrent hiatal 
hernia (white arrows), lack of narrowing 
of the distal esophagus, and no evidence 
of an intact wrap in the gastric fundus. 
(Black arrows denote the gastroesophageal 
junction.) This patient presented with 
recurrent reflux symptoms. 
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rule out postoperative leaks involving the esophagogastric 
anastomosis or gastric staple line prior to resumption of oral 
feeding. The sensitivity of routine postoperative esophagogra- 
phy is substantially higher when high-density barium is 
administered to patients in whom water-soluble contrast 
agents fail to show a leak (see Fig. 3.58).°° In patients with 
an end-to-side anastomosis, contrast studies may reveal pseu- 
doleaks due to incomplete filling of a short, blind-ending 


Fig. 3.67 Nissen 
fundoplication with 
secondary achalasia. 
There is narrowing (black 
arrow) of the distal 
esophagus by a 
surrounding 
fundoplication wrap 
(white arrows). This 
patient also has a dilated 
esophagus above the 
wrap, and there was 

no primary peristalsis 
with occasional 

weak non-peristaltic 
contractions at 
fluoroscopy. These 
findings were attributed 
to secondary achalasia as 
the cause of the patient's 
dysphagia. 


gastric pouch that mimics the appearance of a contained 
anastomotic leak (Fig. 3.68A). In such cases, better filling of 
the pouch with additional contrast agent usually enables 
differentiation of this normal anatomic structure from a true 
leak (Fig. 3.68B). 

Less frequently, leaks can arise from a pyloroplasty or 
pyloromyotomy site. Other patients may develop transient 
nausea and vomiting as an early postoperative complication 
because of acute edema and spasm at the site of a pyloromyo- 
tomy or pyloroplasty.”" 

The most common late complications after esophagogas- 
trectomy include gastroesophageal reflux and its sequelae, 
anastomotic strictures, and recurrent tumor.*’ Patients who 
develop postoperative dysphagia are often found to have benign 
anastomotic strictures manifested on barium studies by a short 
segment of smooth, symmetric narrowing at the esophagogas- 
tric anastomosis (Fig. 3.69), which, if severe enough, can pro- 
duce a jet phenomenon (Fig. 3.70). Dysphagia may also be 
caused by recurrent tumor. In such cases, barium studies may 
reveal a longer, more irregular segment of narrowing involving 
the anastomosis and adjacent distal esophagus. 

Other patients may develop postprandial nausea and 
vomiting due to gastric outlet obstruction from kinking or 
extrinsic compression of the distal end of the intrathoracic 
stomach by the diaphragm (Fig. 3.71), the development of a 
stricture at the pyloromyotomy or pyloroplasty site (Fig. 
3.72), or a floppy intrathoracic stomach that droops inferiorly 
and to the right, resulting in delayed gastric emptying because 
of the effect of gravity (Fig. 3.73). Patients with delayed 
gastric emptying are at risk for developing gastric bezoars 
(see Fig. 3.73). 


Fig. 3.68 Esophagogastrectomy and gastric pull- 
through with pseudoleak at esophagogastric 
anastomosis. A. There is an end-to-side 
esophagogastric anastomosis (white arrow) with 
incomplete filling of a left-sided gastric pouch (black 
arrows) that could be mistaken for a confined 
anastomotic leak. B. Better filling of the pouch (large 
arrows) with additional water-soluble contrast 
material enables differentiation of this normal 
anatomic structure from a true leak. (Small arrow 
denotes esophagogastric anastomosis.) 
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Fig. 3.69 
Esophagogastrectomy 
and gastric 
pull-through with a 
benign stricture at the 
esophagogastric 
anastomosis. The 
stricture is characterized 
by a short segment of 
smooth, symmetric 
narrowing (arrow) at the 
anastomosis. 


Fig. 3.71 Esophagogastrectomy and gastric pull-through with narrowing 
and obstruction of the intrathoracic stomach where it traverses the 
diaphragm. There is marked narrowing (arrow) of the intrathoracic stomach 
where it traverses the diaphragm due to compression, kinking, and/or twisting 
of the stomach at this level. Also note dilatation of the intrathoracic stomach 
and retained fluid above the diaphragm. This patient presented with 
postprandial nausea and vomiting. 


Colonic interposition 


Various segments of the colon may be used to bypass long 
segments of esophageal involvement by caustic strictures, 
advanced achalasia, or inoperable esophageal cancers.** The 
colon may be placed substernally in the anterior medias- 
tinum or in the posterior mediastinum with proximal eso- 
phagocolic and distal cologastric anastomoses. Anastomotic 


Fig. 3.70 
Esophagogastrectomy 
and gastric 
pull-through with a 
tight anastomotic 
stricture producing a 
jet phenomenon. Note 
how barium spurts 
through the stricture 
(black arrow) at the 
esophagogastric 
anastomosis as a thin jet 
(white arrows). 


"e 


Fig. 3.72 Esophagogastrectomy and gastric pull-through with 
narrowing at the site of the pyloromyotomy. This patient has marked 
narrowing (arrow) at the pyloromyotomy site due to postsurgical scarring in this 
region. Also note dilatation of the stomach and retained debris despite the 
absence of any narrowing where it traverses the diaphragm. This patient's 
obstructive symptoms resolved after endoscopic dilatation of the pylorus. 


leaks (Fig. 3.74) and short, tight anastomotic strictures 
(Fig. 3.75) are common postoperative complications. These 
anastomotic strictures are usually thought to develop as the 
sequelae of previous leaks. In contrast, other patients may 
develop long, smooth, relatively tapered non-anastomotic 
strictures of the interposed colon secondary to chronic 
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Fig. 3.73 
Esophagogastrectomy 
and gastric 
pull-through with a 
floppy intrathoracic 
stomach, delayed 
gastric emptying, and 
a gastric bezoar. Note 
how the intrathoracic 
stomach flops inferiorly 
and to the right, delaying 
gastric emptying because 
of the effect of gravity. 
Also note a large bezoar 
(arrows) floating in the 
barium pool within the 
stomach. 


Fig. 3.75 Colonic 
interposition with a 
benign stricture at the 
esophagocolic 
anastomosis. A short 
segment of smooth, 
symmetric narrowing 
(arrow) is seen at the 
proximal esophagocolic 
anastomosis due to 
postsurgical scarring in 
this region. 


ischemia of the mobilized bowel (Fig. 3.76). Over time, the 
interposed colon can also become quite dilated and flaccid 
with very slow transit of ingested barium into the stomach, 
causing intractable dysphagia, even in the absence of stric- 
ture formation. 


Pneumatic dilatation and Heller myotomy 


Achalasia can be treated by pneumatic dilatation or by 
injection of the C. botulinum toxin at the gastroesophageal 
junction." If there is clinical concern about the possibility of 
a leak because of postprocedural pain or fever, a study using 
a water-soluble contrast agent can be performed to rule out 
perforation of the distal esophagus. It is also important to 


Fig. 3.74 Colonic 
interposition with leaks 
at the esophagocolic 
anastomosis. A study 
with water-soluble 
contrast material shows 
small, sealed-off leaks 
(arrows) from both sides 
of the proximal 
esophagocolic 
anastomosis. 


Fig. 3.76 Colonic 
interposition with an 
ischemic stricture. This 
patient has a long 
segment of smooth 
narrowing (white arrows) 
with tapered margins 
(large black arrows) in the 
interposed colon distal 
to the esophagocolic 
anastomosis (small 

black arrow). These 
non-anastomotic 
strictures are thought 

to develop as a result 

of chronic ischemia. 
(Reproduced with 
permission from 
reference 43) 


D 


recognize that these procedures cause only temporary 
improvement in LES opening, so multiple dilatations or 
injections may be required. In contrast, Heller myotomy 
(usually performed laparoscopically) is an effective form of 
therapy offering the possibility of long-term relief from 
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Fig. 3.77 Laparoscopic 
Heller myotomy with 
focal ballooning of the 
distal esophagus. This 
focal, often eccentric 
ballooning (arrows) is 
thought to result from 
weakening of the wall of 
the distal esophagus at 
the site of the myotomy. 


Fig. 3.79 Esophageal 
stent with epithelial 
hyperplasia. There is 
narrowing of the lumen 
(arrows) in the distal end 
of the stent. Note how 
the narrowed segment 
has a smooth contour 
and tapered margins. 
Endoscopic biopsy 
specimens from this 
region revealed epithelial 
hyperplasia without 
evidence of tumor. 
(Reproduced with 
permission from 
reference 45) 


dysphagia for young patients with achalasia or for patients 
with achalasia unresponsive to pneumatic dilatation. Many 
surgeons will perform a Nissen fundoplication at the time of 
the myotomy to prevent excessive reflux after disruption 
of the LES. 

In about 50% of patients, there is eccentric ballooning of 
the esophageal wall at the site of the myotomy as a normal 
postoperative finding (Fig. 3.77). The most serious early 
complication is perforation of the distal esophagus at the site 
of the myotomy. In contrast, persistent dysphagia during the 
late postoperative period may indicate an incomplete myot- 
omy or a tight fundoplication wrap.*" 


Fig. 3.78 Esophageal 
stent with tumor 
ingrowth. There is 
marked luminal 
narrowing (black arrows) 
in the distal end of the 
stent. The narrowed 
segment has abrupt, 
shelf-like distal margins 
(white arrows) due to 
tumor ingrowth through 
the uncovered distal end 
of the stent. (Reproduced 
with permission from 
reference 45) 


Esophageal stents 


Uncovered expandable metallic esophageal stents are placed for 
palliation of dysphagia in patients with unresectable, obstruct- 
ing esophageal carcinomas, whereas covered stents are placed 
for obturation of malignant esophageal fistulas.“ A study using 
a water-soluble contrast agent may be performed after stent 
placement to evaluate stent position and patency and rule out 
esophageal perforation. The stent should be positioned with its 
proximal tip above the tumor and its distal tip below the tumor, 
and contrast material should flow freely through a widely patent 
stent lumen. Even when a covered stent has been satisfactorily 
positioned for palliation of an esophageal-airway fistula, barium 
(and ingested liquid) may still enter the airway if it passes 
around rather than through the stent into the fistula. 

Esophageal perforation is the most serious complication of 
stent placement. Luminal narrowing and obstruction of the stent 
may be caused by tumor ingrowth through the stent wall 
(Fig. 3.78), tumor overgrowth around the end of the stent, benign 
epithelial hyperplasia (Fig. 3.79), and a food impaction within the 
stent.“ Dysphagia may persist or recur if the stent is malposi- 
tioned or if it has migrated distally below the tumor. Stenting of 
tumors at the gastroesophageal junction is particularly problem- 
atic because of massive reflux that often occurs through the stent, 
causing nocturnal aspiration. 
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Stomach 


Marc S. Levine, MD 


Gastric ulcers 
Shape and size 


Gastric ulcers classically appear as round or ovoid collections 
of barium (Figs. 4.1 and 4.2), but some may be serpiginous, 
flame-shaped, or linear (Fig. 4.3).' Most gastric ulcers diag- 
nosed on double contrast studies are less than 1 cm in size. 
Giant gastric ulcers (i.e., ulcers greater than 3cm in size) 
have a higher risk of complications such as bleeding and 
perforation. However, most giant ulcers are found to be 
benign. Thus, the size of the ulcer crater is not felt to be a 
valid criterion for differentiating benign from malignant 
ulcers. 


Location 


About 90% of benign gastric ulcers are located on the lesser 
curvature or posterior wall of the antrum or body of the 
stomach.”* Only 5% of benign ulcers are located on the 


Fig. 4.1 Benign lesser 
curvature gastric ulcer. 
A smooth, round ulcer 
(black arrow) is seen 
projecting beyond the 
lesser curvature of the 
stomach. Note enlarged 
areae gastricae (white 
arrows) adjoining the 
ulcer due to surrounding 
edema and 
inflammation. 
(Reproduced with 
permission from 
reference 2) 


anterior wall, and the remaining 5% are located on the greater 
curvature.” When benign ulcers arise on the greater curva- 
ture, they are almost always on the distal half of the greater 
curvature, and nearly 100% are found to be caused by inges- 
tion of aspirin or other non-steroidal anti-inflammatory 
drugs (NSAIDs).” Because benign ulcers rarely occur on the 


Fig. 4.2 Benign posterior wall gastric ulcer. A large, ovoid ulcer (arrow) is 
present on the posterior wall of the gastric body. Smooth, straight folds are 
seen radiating directly to the edge of the ulcer crater. 


Fig. 4.3 Linear gastric 
ulcer. A linear ulcer 
(arrow) is present on the 
posterior wall of the 
antrum. Note the large 
surrounding mound of 
edema. 
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Fig. 4.4 Benign greater curvature gastric ulcer. A discrete ulcer (arrow) is 
present on the greater curvature of the distal antrum. This patient was on high 
doses of aspirin. 


proximal half of the greater curvature, any ulcer in this loca- 
tion should be considered suspicious for malignant tumor 
until proven otherwise. With this one exception, ulcer location 
also is not felt to be a valid criterion for differentiating benign 
from malignant ulcers. 


Morphologic features 
Lesser curvature ulcers 


Ulcers on the lesser curvature of the stomach typically appear 
as smooth, round, or ovoid craters projecting beyond the 
contour of the adjacent gastric wall (see Fig. 4.1).'7 Some 
ulcers may be associated with a thin radiolucent line (also 
known as a Hampton’s line) abutting the orifice of the ulcer 
crater due to a narrow rim of edema undermining the sur- 
rounding mucosa. With a greater degree of edema, ulcers may 
be associated with a wide radiolucent band at their orifice (also 
known as an ulcer collar) or a smooth, bi-lobed hemispheric 
mass on both sides of the ulcer (also known as an ulcer 
mound). When viewed in profile, an ulcer mound usually has 
poorly defined outer borders that form obtuse, gently sloping 
angles with the adjacent gastric wall. 

Retraction of the wall adjacent to lesser curvature gastric 
ulcers can lead to the development of smooth, symmetric folds 
that radiate directly to the edge of the ulcer crater.’ Other 
lesser curvature ulcers cause retraction of the opposite wall, 
producing an incisura on the greater curvature. Still other 
ulcers may cause focal enlargement of areae gastricae sur- 
rounding the ulcer due to edema and inflammation of the 
adjoining mucosa (see Fig. 4.1). 


Greater curvature ulcers 


Benign greater curvature gastric ulcers are almost always 
located on the distal half of the greater curvature and nearly 
all are found to be caused by ingestion of aspirin or other 
NSAIDs (Fig. 4.4).? The location of these ulcers on the 
greater curvature is presumably related to the effect of 


Fig. 4.5 Gastrocolic fistula caused by an aspirin-induced greater 
curvature ulcer. There is a giant, triangular-shaped ulcer (large arrows) 

on the greater curvature of the gastric body that communicates with the 
superior border of the transverse colon via a short fistula (small arrow). 

This patient was on high doses of aspirin. (Reproduced with permission from 
reference 4) 


gravity, as the dissolving NSAID capsules collect in the most 
dependent portion of the stomach, causing localized muco- 
sal injury. In contrast to ulcers on the lesser curvature, 
greater curvature ulcers sometimes appear to have an intra- 
luminal location because of circular muscle spasm and 
retraction of the adjacent gastric wall.’ Other greater curva- 
ture ulcers may be associated with considerable mass effect 
and thickened, irregular folds due to marked edema and 
inflammation abutting the ulcer crater. Because of these 
morphologic features, benign greater curvature ulcers often 
have a suspicious radiographic appearance, so the usual 
criteria for differentiating benign and malignant ulcers else- 
where in the stomach are unreliable for ulcers in this 
location. 

Giant NSAID-induced greater curvature ulcers may occa- 
sionally penetrate inferiorly via the gastrocolic ligament into the 
transverse colon, resulting in the development of a gastrocolic 
fistula (Fig. 4.5).* Affected individuals may have a dramatic 
clinical presentation with feculent vomiting and foul-smelling 
eructations. In today’s pill-oriented society, NSAID-induced 
greater curvature ulcers are by far the most common cause of 
gastrocolic fistulas.* 


Posterior wall ulcers 


Ulcers on the dependent or posterior wall of the gastric antrum 
or body may fill with barium on routine double contrast radio- 
graphs with the patient in supine or supine oblique positions, 
producing the conventional appearance of an ulcer crater (see 
Fig. 4.2). However, shallow ulcers on the posterior wall may 
appear as ring shadows on routine double contrast radiographs 
because of a thin layer of barium coating the rim of the unfilled 
crater (Fig. 4.6A). In such cases, flow technique can be used to 
manipulate the barium pool over the posterior gastric wall 
and demonstrate filling of the ulcer crater (Fig. 4.6B). An ulcer 
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mound is sometimes seen en face as a radiolucent halo sur- 


rounding the ulcer with poorly defined outer borders. Other 
posterior wall ulcers may be associated with a pronounced 
collection of folds radiating directly to the edge of the ulcer 
crater (see Fig. 4.2). 


Anterior wall ulcers 


Ulcers on the non-dependent or anterior wall of the gastric 
antrum or body may appear as ring shadows because of 
barium coating the rim of the unfilled ulcer crater tangential 
to the x-ray beam (Fig. 4.7A). In such cases, the ulcer may be 
demonstrated by turning the patient 180 degrees into the 
prone position, so the ulcer is located on the dependent wall 
and fills with barium (Fig. 4.7B). Prone compression views of 
the stomach with low-density barium should therefore be 
obtained to demonstrate these anterior wall ulcers. 


Ulcer healing and scarring 


Ulcer healing may be manifested on barium studies not only 
by a decrease in the size of the ulcer crater but also by a 
change in its shape. Previously round or ovoid ulcers some- 
times have a linear appearance on follow-up studies, so 


Fig. 4.6 Ring shadows caused by shallow 
benign posterior wall gastric ulcers. A. A supine 
double contrast spot image of the stomach shows 
two ring shadows (arrows) due to barium coating 
the rim of shallow, unfilled ulcers on the posterior 
wall of the gastric body. B. An additional spot 
image using flow technique to manipulate the 
barium pool over the dependent gastric wall now 
shows filling of these posterior wall ulcers (arrows). 
(A and B reproduced with permission from 
reference 1) 


Fig. 4.7 Ring shadow caused by a benign 
anterior wall gastric ulcer. A. A supine double 
contrast spot image of the stomach shows a partial 
ring shadow (arrow) due to barium coating the rim 
of an unfilled ulcer crater on the anterior wall of the 
antrum. B. A prone compression view shows the 
anterior wall ulcer (arrow) filling with barium. 
(Reproduced with permission from Levine MS, 
Rubesin SE, Herlinger H, et al. Double contrast 
upper gastrointestinal examination: technique and 
interpretation. Radiology 1988; 168:593-602) 


linear ulcers presumably represent a stage of ulcer healing.” 
The mean interval between the initial barium study showing 
the ulcer and the follow-up study showing complete healing 
is about 8 weeks.” Follow-up studies should therefore be 
performed after 8 weeks of medical treatment, as studies 
performed sooner are unlikely to show complete ulcer 
healing. 

Ulcer healing may lead to the development of ulcer scars, 
which are visible on double contrast studies in up to 90% of 
patients with healed gastric ulcers. These scars are usually 
characterized by a central depression, radiating folds, and/or 
retraction of the adjacent gastric wall.” The appearance of an 
ulcer scar is also related to the location of the original ulcer; 
healing of ulcers on the lesser curvature is often manifested by 
flattening or retraction of the adjacent gastric wall (Fig. 4.8), 
whereas healing of ulcers on the posterior wall or greater 
curvature may be associated with the development of a spec- 
tacular collection of radiating folds (Fig. 4.9). 

Scarring from antral ulcers sometimes leads to the develop- 
ment of antral narrowing and deformity. The narrowed 
segment usually has a smooth, tapered appearance, but asym- 
metric scarring may result in flattening and shortening of the 
lesser or greater curvature, so the pylorus has an eccentric 
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location in relation to the antrum and duodenal bulb. Occa- 
sionally, severe antral scarring may be associated with such 
irregular narrowing that the radiographic findings are mis- 
taken for an antral carcinoma, necessitating endoscopy to rule 
out malignant tumor. 


Benign versus malignant gastric ulcers 


Unequivocally benign gastric ulcers project outside the con- 
tour of the adjacent gastric wall when viewed in profile (see 
Fig. 4.1) and are characterized en face by a round or ovoid 
ulcer crater surrounded by a smooth mound of edema or 
regular, symmetric folds that radiate directly to the edge of 
the ulcer crater (see Fig. 4.2).' In contrast, malignant ulcers 
viewed in profile project inside the lumen within a discrete 
tumor mass that forms acute angles with the adjacent gastric 
wall rather than the obtuse, gently sloping angles expected for 
a benign mound of edema (Fig. 4.10).' When viewed en face, 
malignant ulcers typically appear as irregular craters, often 
associated with distorted surrounding mucosa and radiating 
folds that are nodular, clubbed, or amputated due to infil- 
tration of the folds by tumor (Fig. 4.11). Finally, equivocal 
ulcers are those that have mixed features of benign and 
malignant disease, so a confident diagnosis cannot be made 
on radiologic criteria. Most ulcers that have an equivocal 
appearance are ultimately found to be benign. Nevertheless, 
it seems prudent to err on the side of caution by recommend- 
ing endoscopy for equivocal lesions to avoid missing an early 
carcinoma. 

Some gastroenterologists believe that all gastric ulcers diag- 
nosed on barium studies should be evaluated by endoscopy 


Fig. 4.8 Healing of a benign lesser curvature 
gastric ulcer with scarring. A. A small, benign- 
appearing ulcer (arrowhead) is seen on the lesser 
curvature of the proximal gastric antrum. B. 

A follow-up study 5 months later shows complete 
healing of the ulcer with slight flattening and 
retraction of the adjacent lesser curvature 
(arrowhead). 


Fig. 4.9 Healing of a benign posterior wall 
gastric ulcer with scarring. A. A large posterior 
wall ulcer (arrows) is seen on the posterior wall of 
the gastric body with multiple folds radiating to 
the edge of the ulcer crater. B. A follow-up study 8 
weeks later shows complete healing of the ulcer 
with a spectacular set of folds radiating to the site 
of the previous ulcer crater. 


Fig. 4.10 Malignant 
greater curvature 
gastric ulcer. An 
ulcerated mass is present 
on the greater curvature 
of the gastric antrum. 
ote how the ulcer 
large white arrow) 
projects inside the gastric 
umen within a discrete 
mass (small white arrows) 
hat forms a more acute 
angle with the adjacent 
gastric wall (black arrow) 
han expected for a 
benign mound of edema. 
These are the classic 
radiographic features 

of a malignant gastric 
ulcer seen in profile. 
(Reproduced with 
permission from 
reference 1) 


and biopsy to rule out gastric carcinoma. It has been shown, 
however, that virtually all gastric ulcers with an unequivocally 
benign appearance on double contrast studies are benign 
lesions and that two-thirds of all gastric ulcers have a benign 
radiographic appearance, so unnecessary endoscopy can be 
avoided in most patients with gastric ulcers diagnosed on 
double contrast studies.” Instead, patients with radiographic- 
ally benign gastric ulcers can undergo follow-up barium 
studies after treatment to document ulcer healing without need 
for endoscopic evaluation. In contrast, gastric ulcers that have 
an equivocal or suspicious radiographic appearance should be 
evaluated by endoscopy. 
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Fig. 4.11 Malignant lesser curvature gastric ulcer. A malignant ulcer (white 
arrows) is seen on the lesser curvature of the gastric antrum. This ulcer has an 
intraluminal location. Also note how folds converging to the ulcer have a 
clubbed appearance (black arrow) due to infiltration by tumor. (Reproduced 
with permission from reference 16) 


Inflammatory conditions 
Erosive gastritis 


Gastric erosions are defined histologically as shallow mucosal 
depressions that do not penetrate beyond the muscularis 
mucosae into the submucosa. Erosive gastritis is a benign 
condition that is often diagnosed on double contrast studies. 
Most patients have complete or varioliform erosions manifested 
by punctuate or slit-like collections of barium surrounded by 
radiolucent mounds of edema (Fig. 4.12).° A smaller group has 
incomplete erosions in which the barium-filled depressions are 
not associated with radiolucent halos. 

Gastric erosions are typically located in the antrum or body 
of the stomach and are often aligned on the crests of the rugal 
folds (see Fig. 4.12).° Occasionally, the mound of edema sur- 
rounding the erosion may prevent the central depression from 
filling with barium. Such erosions can be mistaken for small 
hyperplastic polyps, but polyps are rarely aligned on the crests 
of the folds. Large varioliform erosions can also be mistaken 
for centrally ulcerated submucosal masses, also known as bull’s- 
eye or target lesions. However, the central ulcer of a bull’s-eye 
lesion is considerably larger than the central depression of a 
varioliform erosion, and the surrounding mass is also consider- 
ably larger than the radiolucent mound of edema surrounding 
an erosion (see later section, Lymphoma). Bull’s-eye lesions also 
tend to be more sporadic than erosions and are rarely aligned on 
the folds. These lesions can therefore be differentiated on the 
basis of the radiographic findings in most patients. 

Aspirin and other NSAIDS are thought to be the most 
common cause of erosive gastritis, accounting for at least 50% 
of cases.’ Other causes include alcohol, stress, trauma, burns, 
viral infection, and Crohn’s disease. Erosive gastritis can also be 
an idiopathic condition, occurring as a variant of peptic ulcer 
disease. Some patients with erosive gastritis may present with 


Fig. 4.12 Erosive 
gastritis. Multiple 
varioliform erosions are 
present in the body and 
proximal antrum of the 
stomach. The erosions 
are seen as punctate or 
slit-like collections of 
barium surrounded by 
radiolucent mounds of 
edema (white arrows). 
Note how some erosions 
(black arrows) are aligned 
on the crest of a rugal 
fold. 


dyspepsia, epigastric pain, or signs and symptoms of upper 
gastrointestinal bleeding, but others are asymptomatic. It is 
therefore important to rule out other abnormalities in the 
stomach and duodenum before assuming that these erosions 
are the cause of the patient’s symptoms. 

Although no etiologic significance is generally attributed 
to the shape or location of gastric erosions, aspirin and 
other NSAIDs may occasionally produce distinctive linear or 
serpiginous erosions that tend to be clustered in the antrum 
or body of the stomach, on or near the greater curvature 
(Fig. 4.13).° It has been postulated that these erosions result 
from localized injury as the ingested NSAIDs collect by gravity 
in the most dependent portion of the stomach. Whatever the 
pathophysiology, virtually all patients with such erosions are 
found to be taking aspirin or other NSAIDs. The presence of 
distinctive linear or serpiginous erosions in the stomach on 
double contrast studies should therefore lead to careful ques- 
tioning of the patient about a possible history of recent aspirin 
or other NSAID use. 


Antral gastritis 


Some patients have a form of gastritis that is confined to the 
gastric antrum, an entity that has come to be known simply as 
antral gastritis. This condition is typically manifested on 
barium studies by thickened, scalloped folds oriented longitu- 
dinally in the antrum (Fig. 4.14) or, less commonly, by 
thickened transverse antral folds. Other patients may have 
delicate transverse striations or striae as a sign of chronic 
antral gastritis.° Still others may have a single prominent fold 
(also known as a hypertrophied antral-pyloric fold) character- 
ized by a smooth or slightly lobulated submucosal defect that 
arises on the lesser curvature of the distal antrum and extends 
into the pylorus or base of the duodenal bulb (Fig. 4.15).’ 
Because of its characteristic appearance and location, endos- 
copy is not warranted when a typical hypertrophied fold 
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Fig. 4.13 Erosive 
gastritis caused by 
non-steroidal anti- 
inflammatory drugs. 

A supine double contrast 
spot image of the 
stomach shows 
distinctive linear and 
serpiginous erosions 
clustered together in the 
gastric body near the 
greater curvature. This 
patient was taking 
naproxen. (Reproduced 
with permission from 
reference 8) 


sa 


Fig. 4.15 Hypertrophic antral-pyloric fold. The prominent fold is seen in 
profile as a smooth, slightly lobulated submucosal defect (arrows) that arises on 
the lesser curvature of the distal antrum and extends across the pylorus into the 
base of the duodenal bulb. 


is visualized on barium studies. If the fold cannot be distin- 
guished from a lobulated or plaque-like tumor, however, 
endoscopy and biopsy are required for a definitive diagnosis. 


Helicobacter pylori gastritis 


H. pylori, a gram-negative bacillus, is by far the most common 
cause of chronic gastritis, accounting for at least 90% of cases. 
H. pylori gastritis is important not only because it is a common 
cause of dyspepsia and epigastric pain, but also because it is 
associated with the development of gastric and duodenal ulcers, 
gastric carcinoma, and low-grade B-cell mucosa-associated 
lymphoid tissue (MALT) lymphoma. H. pylori is a ubiquitous 
infection, and its prevalence increases with age; more than 50% of 
Americans over 60 years old have H. pylori gastritis. Neverthe- 
less, many patients with this infection are asymptomatic, so even 
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Fig. 4.14 Antral gastritis. This patient has a thickened, scalloped fold (arrows) 
oriented longitudinally in the antrum. 


Fig. 4.16 Helicobacter pylori gastritis. This patient has moderately 
thickened, irregular folds in the body of the stomach as a result of chronic 
infection by H. pylori. 


when symptoms are present, it is difficult to prove that the 
symptoms are caused by H. pylori. 

H. pylori gastritis is by far the most common cause of 
thickened gastric folds.”"° Affected individuals usually have 
mildly to moderately thickened folds in the antrum, body, or, 
less frequently, fundus of the stomach (Fig. 4.16).”"° 
However, some patients with H. pylori have a polypoid form 
of gastritis manifested by markedly thickened, lobulated folds in 
a diffuse or localized distribution (Fig. 4.17).”"° In such cases, it 
may be difficult to differentiate H. pylori gastritis from infiltra- 
tive conditions such as Ménétrier’s disease or from malignant 
tumors such as lymphoma or a submucosally infiltrating 
carcinoma, so endoscopy and biopsy are required for a defini- 
tive diagnosis. 

H. pylori gastritis may also be manifested on double contrast 
studies by enlarged areae gastricae (greater than 3 mm in diam- 
eter)”!° or lymphoid hyperplasia. Enlarged areae gastricae are 
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Fig. 4.17 Polypoid Helicobacter pylori gastritis. This patient has markedly 
thickened, lobulated folds in the gastric body due to a polypoid form of H. pylori 
gastritis. This appearance could be mistaken for hypertrophic gastritis (see 

Fig. 4.20), Ménétrier’s disease (see Fig. 4.21), or gastric lymphoma, so endoscopic 
biopsy specimens are required for a definitive diagnosis. (Reproduced with 
permission from reference 10) 


recognized as a reticular network of sharply marginated polygonal 
or angulated defects surrounded by barium-etched white lines 
(Fig. 4.18). In contrast, lymphoid follicles are characterized by 
innumerable tiny, round, frequently umbilicated nodules carpeting 
the antrum or antrum and body of the stomach (Fig. 4.19)."" 
The latter finding should be differentiated from those of a low- 
grade gastric MALT lymphoma (see later section, Gastric 
lymphoma). 


Hypertrophic gastritis 

Hypertrophic gastritis is characterized pathologically by 
marked glandular hyperplasia, increased parietal cell mass, 
and increased acid secretion in the stomach. This condition 
may be manifested on barium studies by grossly thickened 
folds, primarily in the gastric fundus and body, because 
the acid-secreting portion of the stomach is most affected 
(Fig. 4.20).° The differential diagnosis for markedly thickened 
gastric folds includes polypoid H. pylori gastritis (see earlier 
section, Helicobacter pylori gastritis) or, less frequently, 
Ménétrier’s disease, Zollinger-Ellison syndrome, lymphoma, 
and a submucosally infiltrating gastric carcinoma. 


Ménétrier’s disease 


Ménétrier’s disease is a rare condition of unknown etiology 
characterized by marked foveolar hyperplasia in the stomach, 
enlarged gastric rugae, decreased acid secretion with hypo- 
chlorhydria, and a protein-losing enteropathy secondary to 
loss of protein from the hyperplastic mucosa into the gastric 
lumen. This condition tends to occur in older men presenting 
with epigastric pain, nausea, vomiting, weight loss, or per- 
ipheral edema from hypoproteinemia. 

Ménétrier’s disease is classically manifested on barium 
studies by markedly thickened, lobulated folds in the gastric 


Fig. 4.18 Helicobacter pylori gastritis with enlarged areae gastricae. 
Enlarged areae gastricae are seen as a reticular network of polygonal or 
angulated barium-etched grooves in the gastric antrum due to chronic 
infection by H. pylori. 
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Fig. 4.19 Helicobacter pylori gastritis with lymphoid hyperplasia. A supine 
double contrast spot image of the stomach shows lymphoid hyperplasia with 
innumerable small, rounded nodules carpeting the antrum of the stomach. This 
patient had chronic H. pylori gastritis. (Reproduced with permission from 
reference 11) 


fundus and body with antral sparing (Fig. 4.21), but the 
antrum is not infrequently involved by this disease. When 
grossly thickened folds are encountered in the stomach, other 
considerations include polypoid H. pylori gastritris, hyper- 
trophic gastritis, Zollinger-Ellison syndrome, lymphoma, and 
a submucosally infiltrating gastric carcinoma. Biopsy speci- 
mens are required for a definitive diagnosis. 


Zollinger—Ellison syndrome 


Zollinger-Ellison syndrome is characterized by marked 
hypersecretion of gastric acid and a severe form of peptic 
ulcer disease resulting from high levels of gastrin in 
patients with underlying gastrinomas (usually arising in 
the pancreas). These tumors not only may cause a poten- 
tially life-threatening ulcer diathesis, but also may behave 
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Fig. 4.20 Hypertrophic gastritis. Markedly thickened, lobulated folds are seen 
in the body of the stomach. Polypoid H. pylori gastritis (see Fig. 4.17), Ménétrier’s 
disease (see Fig. 4.21), and lymphoma could produce similar findings. 


as malignant lesions, metastasizing to the liver or other 


structures. The development of potent antisecretory 
agents (i.e., proton pump inhibitors) for suppressing acid 
secretion and sophisticated imaging techniques for local- 
izing these tumors have markedly improved patient 
survival. 

Zollinger-Ellison syndrome may be manifested on barium 
studies by markedly thickened, edematous folds in the stomach 
and duodenum associated with increased acid secretion and a 
large volume of intraluminal fluid that dilutes ingested barium 
and compromises mucosal coating (Fig. 4.22).' This constella- 
tion of findings should therefore suggest the possibility of 
Zollinger-Ellison syndrome. When ulcers develop, 75% are 
located in the stomach or duodenal bulb, but the remaining 
25% are located in the postbulbar duodenum or even the 
proximal jejunum.’ Because uncomplicated postbulbar ulcers 
are almost always located at or above the papilla of Vater, the 
presence of one or more ulcers in the third or fourth portions 
of the duodenum should strongly suggest Zollinger-Ellison 


Fig. 4.21 Ménétrier’s 
disease. Grossly 
thickened folds are 
present in the gastric 
fundus. Polypoid H. pylori 
gastritis (see Fig. 4.17), 
hypertrophic gastritis 
(see Fig. 4.20), and 
lymphoma could 
produce similar findings. 


Fig. 4.22 Zollinger-Ellison syndrome. A. An 
upright radiograph from a barium study shows 
considerable retained fluid in the stomach, 
producing separate air-fluid (white arrow) and 
fluid-barium (black arrow) levels due to increased 
acid secretion and a large volume of intraluminal 
fluid. B. A supine spot image shows thickened 
rugal folds due to marked edema and 
inflammation in the stomach. 


syndrome (see Fig. 5.6). Patients with this syndrome may also 
have multiple ulcers or intractable ulcers that are refractory to 
medical therapy. 


Atrophic gastritis 

Atrophic gastritis is characterized pathologically by atro- 
phy of mucosal glands, loss of parietal and chief cells, and 
thinning of the mucosa. Atrophic gastritis is important 
because of its association with pernicious anemia, a condi- 
tion in which there is decreased synthesis of intrinsic 
factor and subsequent malabsorption of vitamin Byp, 
resulting in a megaloblastic anemia and, in some cases, 
irreversible neurologic sequelae. Early diagnosis of perni- 
cious anemia should therefore lead to vitamin B,, replace- 
ment therapy to prevent the development of permanent 
neurologic deficits. Atrophic gastritis is also thought to 
be a premalignant condition, leading to gastric atrophy, 
intestinal metaplasia, and, eventually, gastric carcinoma, 
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Fig. 4.23 Atrophic gastritis. The stomach has a tubular configuration with 
decreased distensibility, a paucity of rugal folds, and an absence of discernible 
areae gastricae. These findings are characteristic of atrophic gastritis. 


but the risk of cancer is not generally believed to be high 
enough to warrant routine surveillance. 

The diagnosis of atrophic gastritis may be suggested 
on barium studies by the presence of a narrowed, tubular 
stomach with decreased or absent mucosal folds, a smooth, 
relatively featureless mucosa, and small or absent areae gastri- 
cae (also known as a bald stomach) (Fig. 4.23).!* In contrast, 
focal enlargement of areae gastricae in patients with atrophic 
gastritis should raise the possibility of intestinal metaplasia or 
a superficially spreading carcinoma. The radiographic diagno- 
sis of atrophic gastritis is limited by a lack of criteria that are 
both sensitive and specific for this condition. Even so, when 
atrophic gastritis is suspected on barium studies, serum Bj, 
levels should be obtained to determine whether or not vitamin 
Bı2 replacement therapy is warranted. 


Other inflammatory conditions 


Granulomatous conditions such as Crohn’s disease, sarcoid- 
osis, tuberculosis, and even syphilis may cause gastric inflam- 
mation and ulceration and, eventually, gastric scarring. While 
Crohn’s disease primarily affects the small bowel or colon, 
aphthoid ulcers (the earliest radiographic finding of Crohn’s 
disease) have been reported in the stomach on double contrast 
studies in more than 20% of patients with ileocolic Crohn’s 
disease." These aphthoid ulcers typically appear as punctate 
or slit-like collections of barium surrounded by radiolucent 
mounds of edema and are indistinguishable from varioliform 
erosions in patients with erosive gastritis (see earlier section, 
Erosive gastritis). 

More advanced gastroduodenal Crohn’s disease may be 
manifested by larger ulcers, thickened folds, and a nodular 
or cobblestoned mucosa. Subsequent scarring may lead to 
the development of a narrowed, funnel-shaped antrum, also 
known as the ram’s horn sign (Fig. 4.24). In other patients, 
gastroduodenal scarring may produce tubular narrowing of 


Fig. 4.24 Gastric Crohn’s disease with a ram’s horn sign. A barium study 
shows smooth, tapered, funnel-shaped narrowing (arrow) of the distal gastric 
antrum, also known as the ram's horn sign of Crohn's disease. (Reproduced 
with permission from reference 13) 


Fig. 4.25 
Gastroduodenal 
Crohn’s disease with a 
pseudo-Billroth | sign. 
A barium study shows 
ubular narrowing of 

he distal antrum and 
proximal duodenum 
with obliteration of 

he normal anatomic 
andmarks at the pylorus 
arrows), also known 

as the pseudo-Billroth 

| sign because of the 
resemblance to a 
postsurgical stomach 
after a Billroth 
procedure. (Reproduced 
with permission from 
reference 13) 


i 


the distal antrum and proximal duodenum with obliteration 
of the normal anatomic landmarks at the pylorus, also known 
as the pseudo-Billroth I sign because of the resemblance to a 
postsurgical stomach after a Billroth I procedure (Fig. 4.25).!° 

Eosinophilic gastritis is an unusual condition characterized 
by eosinophilic infiltration of the stomach. The small bowel is 
also involved in patients with eosinophilic gastroenteritis. Most 
patients with this condition have a peripheral eosinophilia and 
about half have a history of allergic diseases. Barium studies 
may reveal mucosal nodularity, thickened folds, or narrowing of 
the gastric antrum or body.° Biopsy specimens showing eosino- 
philic infiltration of the gastric wall are required for a definitive 
diagnosis. 
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Fig. 4.26 Caustic 
scarring of the 
stomach. There is 
marked narrowing and 
deformity of the gastric 
antrum and body due to 
scarring from previous 
lye ingestion. Note how 
the duodenal bulb is 
relatively spared. 


Caustic ingestion typically leads to severe esophageal 
damage, but gastric injury may also occur. Both the esophagus 
and stomach may be damaged by ingestion of strong alkaline 
agents or acids.° Studies with water-soluble agents are some- 
times performed to assess the extent and severity of injury to the 
upper gastrointestinal tract after caustic ingestion. In the stom- 
ach, the distal antrum tends to sustain the greatest degree of 
damage, manifested by thickened folds, ulceration, mural 
defects, and in fulminating cases, gastric necrosis or perfor- 
ation. Paradoxically, the offending caustic agent usually causes 
intense pylorospasm, so the duodenum is relatively spared from 
injury.° Chronic scarring of the stomach from caustic ingestion 
may be manifested by progressive narrowing and deformity of 
the gastric antrum and body (Fig. 4.26).° Other causes of 
narrowing include Crohn’s disease, sarcoidosis, syphilis, tuber- 
culosis, eosinophilic gastritis, and severe scarring from peptic 
ulcer disease. 


Benign tumors 


A polyp is a small protrusion from the mucosal surface, either 
sessile or pedunculated. Because polyps arise from the mucosa, 
they may have a smooth, nodular, or lobulated surface on 
double contrast studies, and, when viewed in profile, form 
acute angles with the adjacent gastric wall. In contrast, lesions 
arising from the submucosa or muscularis propria (also 
known as submucosal or intramural lesions) usually have a 
very smooth surface and, when viewed in profile, form right 
angles or slightly obtuse angles with the adjacent gastric wall. 
Although large lesions that have a smooth surface are usually 
submucosal in origin, it is often difficult to determine whether 
protruded lesions less than 1 to 1.5cm in size are mucosal or 
submucosal in origin, as small polyps originating from the 
mucosa may also have a smooth surface. 
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Fig. 4.27 Hyperplastic polyps. A supine double contrast spot image of 

the stomach shows multiple small, sessile polyps in the gastric body. The 
number, size, and location of these lesions are characteristic of hyperplastic 
polyps. Note how polyps on the dependent or posterior wall appear as 

filling defects in the barium pool (black arrows), whereas polyps on the 
non-dependent or anterior wall are etched in white (small white arrows). This 
patient also has a conglomerate mass of polyps (large white arrows) that could 
be mistaken for a polypoid carcinoma. Endoscopy and biopsy are therefore 
required for a definitive diagnosis. 


Hyperplastic polyps 
Hyperplastic polyps are by far the most common benign 
polyps in the stomach, constituting as many as 75 to 90% of 
all gastric polyps.'* These lesions result from proliferation of 
surface fovealar cells, consisting histologically of elongated, 
distorted pits and numerous branching glands. Hyperplastic 
polyps typically appear on double contrast barium studies as 
smooth or slightly lobulated, round or ovoid, sessile lesions 
less than 1 cm in size (Fig. 4.27).'* When viewed in profile, 
hyperplastic polyps usually form acute angles with the adjacent 
gastric wall. When viewed en face, polyps on the dependent 
wall appear as filling defects in the thin barium pool, whereas 
polyps on the non-dependent wall are etched in white (see Fig. 
4.27). Most patients with hyperplastic polyps have multiple 
lesions that are predominantly located in the gastric body 
and fundus.'* Occasionally, atypical hyperplastic polyps may 
be larger than 1cm in size and may have a lobulated or 
pedunculated appearance, mimicking an adenomatous 
polyp.'* A conglomerate mass of hyperplastic polyps can even 
be mistaken for a polypoid carcinoma (see Fig. 4.27).'* 
Although hyperplastic polyps have no malignant potential, 
they usually arise in the setting of chronic gastritis, the same 
histologic milieu that predisposes to gastric metaplasia and dys- 
plasia. As a result, gastric carcinomas have been reported to occur 
with increased frequency in patients with hyperplastic polyps.'* 


Fundic gland polyps 

Fundic gland polyps are the second most common type of 
benign gastric polyps, consisting histologically of cystically 
dilated pits and glands lined by parietal and chief cells.'* 
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Fundic gland polyps are found both sporadically and in 
patients with familial adenomatous polyposis syndrome 
(FAPS). The polyps typically appear on double contrast stud- 
ies as smooth, sessile lesions less than 1cm in size.'* Like 
hyperplastic polyps, fundic gland polyps tend to be located in 
the fundus and upper body of the stomach and are often 
multiple. In patients with FAPS, hundreds of small (less than 
5mm in size) fundic gland polyps may be present in the 
stomach. 


Adenomatous polyps 


Adenomatous polyps are relatively uncommon benign neo- 
plasms in the stomach. They may be classified as tubular, 
tubulovillous, or villous adenomas on the basis of their under- 
lying histologic architecture. Unlike hyperplastic polyps in the 
stomach, adenomatous polyps are premalignant lesions that 
may progress to gastric carcinoma via an adenoma-carcinoma 
sequence similar to that found in the colon. In-situ carcinoma 
or invasive carcinoma is found in at least 50% of adenomatous 
polyps larger than 2cm in size.'* Nevertheless, most gastric 
carcinomas arise from areas of dysplasia rather than from pre- 
existing adenomatous polyps. 

Most gastric adenomas detected on double contrast stud- 
ies appear as sessile, lobulated, or pedunculated lesions larger 
than 1cm in size (Fig. 4.28).'* Adenomatous polyps often 
occur as solitary lesions and tend to be located in the distal 
stomach. Though most hyperplastic polyps are smaller than 
1 cm and most adenomas are larger than 1 cm, it is not always 
possible to distinguish these lesions on the basis of the radio- 
graphic findings. If a polyp is 1 cm or larger in size and has a 
nodular or lobulated surface, endoscopy and biopsy should 
therefore be performed to exclude the possibility of an aden- 
oma. Conversely, multiple small, rounded polyps less than 
5 to 10mm in size are almost always hyperplastic, so endos- 
copy and biopsy are not warranted in these patients. 


Benign gastrointestinal stromal tumors 


Benign gastrointestinal stromal tumors (GISTs) are by far the 
most common submucosal (i.e., intramural) lesions arising in 
the stomach. While the terms submucosal and intramural are 
used interchangeably, it should be recognized that, from a 
strict pathologic point of view, all submucosal lesions are 
intramural but not all intramural lesions are submucosal, as 
they can also arise from the muscularis propria or even the 
subserosa. GISTs are thought to develop from the interstitial 
cells of Cajal and are identified using immunohistochemistry 
for expression of CD-117, also known as a c-kit protein (a cell 
membrane receptor with tyrosine kinase activity). These 
lesions consist histologically of intersecting bundles and 
whorls of spindle-shaped cells. 

Depending on the pattern of growth, GISTs may appear 
grossly as endogastric, exogastric, or dumbbell-shaped lesions. 
Most GISTs are found as solitary lesions. About 90% of gastric 


Fig. 4.28 
Adenomatous polyp. 

A supine double contrast 
spot image of 

he stomach shows a 
solitary, sessile, slightly 
obulated polyp (arrow) 
on the greater curvature 
of the gastric antrum. 
This polyp was greater 
han 1cm in diameter. 
The size, appearance, and 
ocation of this lesion 
favor an adenomatous 


polyp. 


Fig. 4.29 Benign 
gastrointestinal 
stromal tumor. The GIST 
is seen as a smooth 
submucosal mass (white 
arrows) in the upper 
body of the stomach. 
Note a large central area 
of ulceration (black 
arrows) within the tumor. 


GISTs are benign and 10% are malignant.'* Unfortunately, it 
can be difficult to distinguish benign from malignant GISTs 
based on histopathologic criteria. Most patients with gastric 
GISTs are asymptomatic. As the lesions enlarge, however, 
ischemic necrosis and ulceration of the tumor may cause 
epigastric pain or upper gastrointestinal bleeding. 

Benign GISTs typically appear on barium studies as dis- 
crete submucosal masses that have a smooth surface (etched in 
white on double contrast radiographs) and form right angles 
or slightly obtuse angles with the adjacent gastric wall when 
viewed in profile (Fig. 4.29).'* Differentiation from mucosal 
lesions (i.e., polyps) becomes more difficult when GISTs are 
less than 1 to 1.5 cm in diameter, as small polyps may also have 
a smooth surface. Not infrequently, GISTs contain central 
areas of ulceration (see Fig. 4.29). When viewed en face, these 
centrally ulcerated submucosal masses may appear as bull’s-eye 
or target lesions in the stomach (Fig. 4.30). Unlike hema- 
togenous metastases and lymphoma, however, GISTs usually 
occur as solitary rather than as multiple lesions. A hanging 
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Fig. 4.30 Benign 
gastrointestinal 
stromal tumor seen as 
a bull’s-eye lesion. 

A supine double contrast 
spot image of the 
stomach shows a 
smooth, rounded 
submucosal mass (black 
arrows) as a filling defect 
in the barium pool on the 
posterior gastric wall. 
Also note a small central 
ulcer filling with barium 
(white arrow). This 
centrally ulcerated 
submucosal mass is also 
known as a bull’s-eye or 
target lesion. 


droplet of barium (known as a stalactite) on an anterior wall 
submucosal mass can occasionally mimic the appearance of a 
central ulcer, but a stalactite should be recognized as a transi- 
ent finding at fluoroscopy. 

The differential diagnosis for submucosal masses in the 
stomach includes ectopic pancreatic rests and duplication 
cysts (which usually arise on the greater curvature of the 
distal gastric antrum) as well as other uncommon mesenchy- 
mal tumors such as lipomas, leiomyoblastomas, hemangi- 
omas, and granular cell tumors.'* The diagnosis of a lipoma 
is suggested when the lesion changes in size and shape at 
fluoroscopy; a definitive diagnosis can be made by the char- 
acteristic fat density of these lesions on CT. Lymphoma and 
hematogenous metastases to the stomach may also be mani- 
fested by submucosal masses (with or without central ulcers), 
but they tend to occur as multiple lesions, whereas GISTs are 
almost always solitary. Finally, a benign ulcer with a sur- 
rounding mound of edema can sometimes be mistaken for 
an ulcerated submucosal mass, but edema surrounding an 
ulcer tends to have more ill-defined borders than a submu- 
cosal neoplasm. 

Small submucosal masses in the stomach that cause no 
symptoms can probably be followed conservatively, as most 
of these lesions are found to be benign GISTS. However, 
lesions that cause symptoms, are ulcerated, or are larger than 
2 to 3cm in size should probably be resected because of the 
risk of malignant tumor and the frequent difficulty distin- 
guishing benign from malignant GISTs by histopathologic 
criteria (see later section, Malignant gastrointestinal stromal 
tumors).'* 


Ectopic pancreatic rests 


Ectopic pancreatic rests (also known as myoepithelial hamar- 
tomas) are uncommon benign submucosal lesions composed 
of varying amounts of pancreatic tissue (including ducts, 
acini, and islet cells), hypertrophic smooth muscle fibers, 
and glandular structures resembling Brunner’s glands. These 


Fig. 4.31 Ectopic 
pancreatic rest. A small 
submucosal mass (white 
arrows) is present on 
the greater curvature of 
the distal gastric antrum 
near the pylorus. Note 
barium trapping within 
a central umbilication 
(black arrow). This is 

the characteristic 
appearance and location 
of an ectopic pancreatic 
rest in the stomach. 


lesions may rarely be complicated by pancreatitis or even 
pancreatic carcinoma. Ectopic pancreatic rests typically 
appear on barium studies as small (1 to 2 cm in size), solitary, 
centrally umbilicated submucosal masses on the greater 
curvature of the distal gastric antrum within 1 to 6cm from 
the pylorus (Fig. 4.31), but may occasionally be located else- 
where in the stomach.” 


Gastric carcinoma 


Gastric carcinoma continues to be a deadly disease, with 
overall 5-year survival rates of less than 20%.'° During 
the past 50 years, there has been a gradual shift in the 
distribution of gastric cancer from the antrum of the stomach 
proximally to the fundus and cardia; up to 40% of all gastric 
cancers are now located in the fundus or cardiac region. 
This changing distribution has implications for the radiologic 
diagnosis of gastric cancer, as the cardia and fundus must be 
carefully evaluated in all patients with suspected gastric 
neoplasms. 


Early gastric cancer 


Early gastric cancers are defined histologically as tumors 
limited to the mucosa or submucosa, regardless of the presence 
or absence of regional lymphatic metastases. Unlike advanced 
carcinomas, early gastric cancers are curable lesions, with 
5-year survival rates as high as 90 to 95%.'° While early gastric 
cancers rarely cause symptoms, such lesions are often detected 
on double contrast barium studies or endoscopy in Japan 
by mass screening of the adult population. Such screening 
studies are almost never performed in the West, however, 
because of the much lower incidence of gastric carcinoma. 
As a result, early gastric cancers are rarely detected on double 
contrast studies in Western countries, as these studies are almost 
always performed on symptomatic patients who already have 
advanced lesions.'° 
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Fig. 4.32 Early gastric cancer. An irregular ulcer is seen on the posterior wall 
of the gastric antrum. Note the serrated margins of the ulcer and the nodular, 
clubbed folds abutting the ulcer crater. These are the typical findings of a 
malignant gastric ulcer. (Reproduced with permission from reference 2) 


The Japanese Endoscopic Society has classified early gastric 
cancers into three types: Type I lesions that protrude more 
than 5 mm into the lumen; Type II lesions that are superficial 
or flat; and Type II lesions that are ulcerated. Using this 
system of classification, early gastric cancers may appear on 
double contrast studies as small polypoid (Type I), plaque-like 
(Type II), or ulcerated (Type III) lesions. Tumors that are 
ulcerated may be associated with nodularity of the adjacent 
mucosa and clubbing or nodularity of radiating folds due to 
infiltration of the folds by tumor (Fig. 4.32). Though some 
lesions with a suspicious appearance are found to be benign, 
endoscopy and biopsy are required for all lesions with equivo- 
cal radiographic findings in order to avoid missing early gas- 
tric cancers. 


Advanced gastric cancer 


Most patients with gastric carcinoma develop symptoms such 
as epigastric pain, anorexia, and weight loss only after they 
have advanced lesions with local or distant metastases and, as a 
result, a poor prognosis. Obstructing tumors may cause nausea 
and vomiting, ulcerated tumors may cause upper gastrointes- 
tinal bleeding, scirrhous tumors may cause early satiety, and 
cardiac tumors may cause dysphagia. 

Concern about missing gastric cancer on barium studies 
has sometimes been used as the rationale for performing 
endoscopy as the initial diagnostic test in patients with upper 
gastrointestinal symptoms. In one study, however, double con- 
trast barium examinations showed the lesion in 99% of 
patients with gastric cancer, and malignant tumor was diag- 
nosed or suspected on the basis of the radiographic findings in 
96%." In the same study, endoscopy was recommended to rule 
out malignant tumor in less than 5% of all patients who 
underwent double contrast examinations. Thus, a high sensi- 
tivity can be achieved in the radiographic diagnosis of gastric 


Fig. 4.33 Polypoid gastric carcinoma. A small polypoid mass (arrow) is seen 
in the body of the stomach. 


carcinoma without exposing an inordinate number of patients 
to unnecessary endoscopy. 

Advanced gastric cancers may be manifested on barium 
studies as polypoid, ulcerative, infiltrative, or scirrhous tumors.'° 
Polypoid carcinomas usually appear as lobulated or fungating 
masses protruding into the lumen (Fig. 4.33). On double contrast 
studies, polypoid lesions on the dependent or posterior wall are 
seen as filling defects in the barium pool, whereas polypoid 
lesions on the non-dependent or anterior wall are etched in white 
by a thin layer of barium trapped between the edge of the mass 
and the adjacent mucosa. Occasionally, polypoid carcinomas of 
the distal gastric antrum may prolapse through the pylorus into 
the duodenal bulb, appearing as mass lesions at the base of the 
bulb (see Fig. 2.29).'° 

Other cancers may grow circumferentially, resulting in the 
development of an infiltrative lesion that encases the lumen 
with marked luminal narrowing (Fig. 4.34). Ulcerated carcin- 
omas are those in which much of the tumor mass has been 
replaced by ulceration because of necrosis. These lesions are 
often called malignant ulcers, but the term is a misnomer, as it 
is not the ulcer but the surrounding tumor that is malignant. 
The radiographic appearance of malignant gastric ulcers and 
their differentiation from benign gastric ulcers have been dis- 
cussed elsewhere (see earlier section, Benign versus malignant 
gastric ulcers, and see Figs. 4.10 and 4.11). 

Scirrhous gastric carcinomas typically arise in the distal 
stomach, gradually extending from the antrum proximally 
into the body and fundus. Affected individuals usually 
present with early satiety and weight loss. These tumors 
may be manifested on barium studies by narrowing and 
rigidity of the stomach associated with mucosal nodularity, 
thickened folds, and a grossly irregular contour, producing 
a classic linitis plastica or leather bottle appearance secondary 
to a marked desmoplastic response incited by the tumor 
(Fig. 4.35).'° Other patients may have localized scirrhous 
tumors that are confined to the prepyloric region of the 
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Fig. 4.34 Infiltrative gastric carcinoma. This circumferentially infiltrating 
tumor causes irregular narrowing and ulceration of the gastric antrum. Note 
how the tumor has a shelf-like proximal margin. (Reproduced with permission 
from reference 16) 


Fig. 4.36 Prepyloric scirrhous carcinoma. A short, annular lesion is seen in 
the prepyloric region of the gastric antrum. Note how the lesion has abrupt, 
shelf-like proximal and distal margins (arrows). 


antrum, appearing as short, annular lesions with shelf-like 
proximal margins (Fig. 4.36). With double contrast technique, 
however, 40% of all scirrhous carcinomas are found to be 
localized lesions involving the gastric fundus or body with 
sparing of the antrum (Fig. 4.37)."° 

Some scirrhous carcinomas may cause such marked fibro- 
sis in the gastric wall that the stomach loses its normal com- 
pliance and becomes a rigid tube, resulting paradoxically in 
more rapid emptying of barium into the duodenum and small 
bowel (see Fig. 4.37). Conversely, other patients with scirrhous 
tumors may have only minimal loss of distensibility in the 
stomach, so the diagnosis can be missed if the radiologist relies 
too heavily on the degree of luminal narrowing as the major 
criteria for diagnosing these lesions. 

It is important to be aware of the limitations of endoscopy 
in diagnosing scirrhous carcinomas of the stomach. Because 


Fig. 4.35 Scirrhous gastric carcinoma. There is marked narrowing of the 
gastric antrum and body with mucosal nodularity, thickened folds, and an 
irregular luminal contour. These findings are characteristic of a scirrhous tumor 
with a linitis plastica appearance. 


Fig. 4.37 Scirrhous carcinoma of the proximal stomach. There is irregular 
narrowing of the fundus and body of the stomach with sparing of the antrum. 
Note the abrupt transition (arrows) between the tumor and adjacent normal 
antrum. Also note rapid emptying of ingested barium from this rigid, non- 
compliant stomach into multiple loops of small bowel. 


the tumor cells are frequently separated by sheets of fibrosis, 
endoscopic brushings and biopsy specimens have a sensitivity 
of less than 50% in detecting these lesions." Thus, multiple 
endoscopic examinations may be required for a definitive 
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Fig. 4.38 Metastatic breast cancer with linitis plastica. There is loss of 
distensibility of the gastric antrum with considerable nodularity of the 
mucosa due to infiltration of the wall by metastatic tumor. This appearance is 
impossible to differentiate from that of a primary scirrhous gastric carcinoma. 
(Reproduced with permission from reference 18) 


diagnosis, and surgery may even be warranted for some 
patients without a preoperative histologic diagnosis. 

While most patients with malignant linitis plastica are found 
to have scirrhous carcinomas, metastatic breast cancer and 
lymphoma involving the stomach may produce identical radio- 
graphic findings due to a dense infiltrate of metastatic tumor or 
lymphomatous tissue in the gastric wall (Figs. 4.38 and 4.39). 
Metastatic breast cancer and lymphoma should therefore be 
included in the differential diagnosis of linitis plastica. 

With the changing distribution of gastric cancer over the 
past half century, carcinoma of the cardia has been diagnosed 
with increased frequency. These tumors have a marked predi- 
lection for men (7:1) and a small but significant percentage of 
patients are under age 40,'° so radiologists should not be lulled 
into a false sense of security about the possibility of malignant 
tumor based on the patient’s age. Affected individuals often 
present with referred dysphagia to the upper chest, the thoracic 
inlet, or even the pharynx, so the cardia and fundus should be 
carefully evaluated on barium studies in all patients with 
dysphagia, regardless of its subjective localization. 

With double contrast technique, it is possible to evaluate 
the normal anatomic landmarks at the cardia for early radio- 
graphic signs of malignancy. Some tumors at the cardia may 
be recognized only by distortion or obliteration of the cardiac 
rosette, with relatively subtle nodularity, mass effect, or ulcer- 
ation in this region (Fig. 4.40).'° In contrast, more advanced 
carcinomas may appear as polypoid, ulcerated, or infiltrative 
lesions involving the cardia and fundus (Fig. 4.41).16 

Patients with carcinoma of the cardia usually have con- 
comitant esophageal involvement by tumor, manifested by 
irregular narrowing or, less frequently, smooth beak-like 
narrowing of the distal esophagus due to the development 
of secondary achalasia (see Achalasia in Chapter 3).1° Adeno- 
carcinoma of the cardia invading the distal esophagus may be 
difficult to differentiate on barium studies from esophageal 


Fig. 4.39 Non- 
Hodgkin’s lymphoma 
with linitis plastica. 
There is focal narrowing 
of the gastric body with 
mucosal nodularity, 
ulceration, and irregular 
luminal narrowing due 
to lymphomatous 
infiltration of the wall. 
This appearance is 
impossible to 
differentiate from that 
of a primary scirrhous 
gastric carcinoma. 
(Reproduced with 
permission from 
reference 23) 


Fig. 4.40 Carcinoma 
of the cardia. A right 
lateral double contrast 
spot image of the 
gastric fundus shows 
obliteration of the 
normal anatomic 
landmarks at the cardia 
with nodularity and 
ulceration (white arrows) 
in this region. Also note 
tumor extending into the 
distal esophagus (black 
arrow). 


adenocarcinoma invading the cardia, but cardiac carcinomas 
usually have a greater degree of gastric involvement in relation 
to the degree of esophageal involvement. Conversely, eso- 
phageal carcinomas have a greater degree of esophageal 
involvement. 


Other malignant tumors 
Metastases 


Gastric metastases usually result from hematogenous spread 
of malignant melanoma or breast or lung cancer to the 
stomach or from direct extension of tumor from neighboring 
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Fig. 4.41 Carcinoma of the cardia. A right lateral double contrast spot 
image of the gastric fundus shows a plaque-like tumor etched in white 
(black arrows) with a large, flat central ulcer (white arrows). 


structures or mesenteric reflections. Hematogenous metasta- 
ses to the stomach typically appear on barium studies as one 
or more discrete submucosal masses or centrally ulcerated 
submucosal masses (also known as bull’s-eye or target 
lesions). The differential diagnosis for these bull’s-eye 
lesions includes lymphoma, Kaposi’s sarcoma in patients 
with AIDS, and multiple carcinoid tumors in patients with 
end-stage neuroendocrine hyperplasia and hypogastrinemia 
due to chronic H. pylori gastritis. Other hematogenous 
metastases may be larger, more lobulated masses that 
undergo extensive excavation and necrosis, resulting in the 
development of giant, cavitated lesions. These cavitated 
lesions can be recognized on barium studies as large amorph- 
ous collections of barium replacing most of the tumor mass 
(Fig. 4.42).!° The differential diagnosis for cavitated metasta- 
ses includes necrotic lymphomas and GISTs. Finally, hema- 
togenous metastases to the stomach from carcinoma of the 
breast may produce a linitis plastica appearance indistin- 
guishable from that of a scirrhous gastric carcinoma (see 
earlier section, Advanced gastric cancer)? 

The stomach may be directly invaded by malignant tumors 
arising in neighboring structures such as the esophagus (see 
earlier section, Advanced gastric cancer) and pancreas. Carcin- 
oma of the pancreatic head invading the stomach may cause 
flattening, spiculation, nodularity, and ulceration of the greater 
curvature of the gastric antrum, whereas carcinoma of the 
pancreatic body or tail may cause extrinsic compression, flat- 
tening, and spiculation of the posterior wall of the gastric 
fundus or body.” 

Bulky omental metastases (also known as omental cakes) 
may spread superiorly to the stomach via the gastrocolic liga- 
ment, manifested on barium studies by mass effect, nodularity, 
and spiculated, tethered folds on the greater curvature of the 
gastric antrum or body (Fig. 4.43).”’ Carcinoma of the trans- 
verse colon invading the greater curvature of the stomach via 


Fig. 4.42 Cavitated 
metastasis from 
malignant melanoma. 
There is a mass (black 
arrows) on the greater 
curvature of the stomach, 
containing a giant area 
of central necrosis and 
cavitation (white arrows). 
A cavitated GIST or 
lymphoma could 
produce similar findings. 


the gastrocolic ligament may produce identical findings.’ 
However, gastric involvement by omental metastases is much 
more common than gastric invasion by colonic carcinoma via 
the gastrocolic ligament. 


Lymphoma 

The stomach is the most frequent site of gastrointestinal 
involvement by lymphoma; gastric lymphoma accounts for 
about 50% of all gastrointestinal lymphomas.'? The vast 
majority are non-Hodgkin’s B-cell lymphomas. Most gastric 
lymphomas are thought to arise from mucosa-associated 
lymphoid tissue (MALT) in patients with chronic H. pylori 
gastritis.” These low-grade, B-cell MALT lymphomas may 
undergo complete regression in 60 to 80% of patients after 
eradication of H. pylori from the stomach without need for 
surgery, chemotherapy, or radiation,” so MALT lymphomas 
are potentially curable lesions. If untreated, however, these 
low-grade MALT lymphomas may undergo blastic transform- 
ation into more high-grade lesions that have a much worse 
prognosis. A major goal should therefore be to find and 
diagnose these early MALT lymphomas before they become 
more advanced lesions. 

Low-grade MALT lymphomas may appear on double 
contrast barium studies as small polypoid or ulcerated lesions 
indistinguishable from early gastric cancers (see earlier 
section, Early gastric cancer). Even more commonly, these 
MALT lymphomas are manifested by multiple variably sized, 
rounded, confluent nodules involving a localized or extensive 
segment of the stomach (Fig. 4.44). Lymphoid hyperplasia 
associated with chronic H. pylori gastritis may also be mani- 
fested by innumerable tiny nodules carpeting the antrum or 
antrum and body of the stomach, but the nodules of 
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Fig. 4.44 Gastric 
mucosa-associated 
lymphoid tissue (MALT) 
lymphoma. There are 
confluent nodules of 
varying sizes (arrows) in 
the body of the stomach 
due to a low-grade B-cell 
MALT lymphoma. Note 
how the radiographic 
findings differ from those 
of enlarged areae 
gastricae (see Fig. 4.18) 
and lymphoid 
hyperplasia (see Fig. 4.19) 
in the stomach. 


lymphoid hyperplasia tend to have more discrete borders, a 
more uniform size, and, not infrequently, central umbilica- 
tions (see Fig. 4.19).'’ The nodules of MALT lymphoma may 
also be difficult to differentiate from enlarged areae gastricae, 
a finding often associated with chronic H. pylori gastritis 
(seeFig. 4.18).”'° However, areae gastricae tend to be more 
uniform in size, producing a sharply marginated reticular 
network. 

Advanced gastric lymphomas may appear on barium stud- 
ies as infiltrative, ulcerative, or polypoid lesions.’ Infiltrative 
lesions are characterized by markedly thickened, lobulated 
rugal folds due to submucosal spread of tumor.'? While the 
stomach typically retains its normal distensibility and pliability 
because of the absence of associated fibrosis, occasional 
patients may develop a linitis plastica appearance indistin- 
guishable from that of a primary scirrhous carcinoma of the 
stomach (see Fig. 4.39). Other patients may develop one or 
more polypoid or ulcerated lesions in the stomach or giant 
cavitated lesions resembling cavitated metastases (especially 
from malignant melanoma).’® Still other patients may have 
one or more centrally ulcerated submucosal masses (i.e., bull’s- 


Fig. 4.43 Gastric involvement by omental 
metastases. There is flattening and spiculation of 
the greater curvature of the gastric antrum and 
body (arrows) due to direct extension of tumor 
from the greater omentum. This patient had 
omental metastases from carcinoma of the breast. 
Carcinoma of the transverse colon invading the 
greater curvature of the stomach via the 
gastrocolic ligament could produce identical 
findings. (Reproduced with permission from 
reference 21) 


Fig. 4.45 Lymphoma 
with bull’s-eye lesions. 
ultiple centrally 
ulcerated submucosal 
masses or bull's-eye 
esions (arrows) are 
present in the stomach in 
his patient with 
generalized non- 
Hodgkin's lymphoma 
involving the stomach. 
Hematogenous 
metastases from 
malignant melanoma or 
other malignant tumors 
could produce identical 
findings. 


A 


eye lesions) indistinguishable from hematogenous metastases 
to the stomach (Fig. 4.45).'° 


Malignant gastrointestinal stromal tumors 


Malignant gastrointestinal stromal tumors (GISTs) most com- 
monly arise in the stomach; 90% involve the gastric fundus and 
body." These tumors are mesenchymal lesions arising from 
the outer layer of the muscularis propria. Because of the high 
frequency of ulceration in malignant GISTs, affected individ- 
uals most commonly present with signs or symptoms of upper 
gastrointestinal bleeding. These tumors have a somewhat 
better prognosis than gastric carcinoma. Surgery is the only 
curative form of therapy, but a lymph node dissection is of 
little therapeutic benefit, as these tumors rarely metastasize to 
regional lymph nodes. 

Malignant GISTs may appear on barium studies as large, 
lobulated submucosal masses in the stomach (Fig. 4.46), often 
containing central ulceration or giant areas of cavitation 
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Fig. 4.46 Malignant 
gastrointestinal 
stromal tumor. A right 
side down lateral view of 
the gastric fundus shows 
a large, lobulated 
submucosal mass 
(arrows) on the posterior 
wall of the fundus. 
Lymphoma or a 
submucosally infiltrating 
carcinoma could 
produce similar findings. 


secondary to liquefactive necrosis of tumor.'” The differential 
diagnosis includes lymphoma, metastases (especially from 
malignant melanoma), and, rarely, gastric carcinoma with 
submucosal spread of tumor. 


Hiatal hernias 
Axial hiatal hernias 


The vast majority of hiatal hernias are axial hernias in 
which the proximal portion of the stomach herniates 
through the esophageal hiatus of the diaphragm into the 
thorax, so the gastroesophageal junction is located above 
the diaphragm. The frequency of axial hiatal hernias 
increases with age; more than 50% of elderly people in the 
United States are found to have hiatal hernias on barium 
studies.”* While some investigators believe axial hiatal her- 
nias predispose patients to the development of gastro- 
esophageal reflux disease, others feel hiatal hernias are of 
doubtful clinical significance when they occur as isolated 
findings. 

An axial hiatal hernia can be diagnosed on barium studies 
when the gastroesophageal junction is located above the 
esophageal hiatus of the diaphragm. Single contrast radio- 
graphs with the patient ingesting barium in the prone, right 
anterior oblique position are more likely to show axial hiatal 
hernias (especially small hernias) than upright double contrast 
radiographs, because most patients have sliding hiatal hernias 
that are partially or completely reduced into the abdomen 
when the patient is in the upright position. The gastroesopha- 
geal junction is demarcated by a mucosal junction ring (also 
known as the B ring), so an axial hiatal hernia can be diagnosed 
on prone radiographs when the B ring is located more than 
2cm above the diaphragm (Fig. 4.47).”° Even when a B ring 
is not definitely visualized, a hernia can still be recognized 
when gastric folds or rugae are identified within the hernia 
(see Fig. 4.47). 


Fig. 4.47 Hiatal hernia. 
A prone, right anterior 
oblique spot image of 
he distal esophagus 
during continuous 
swallowing of thin 
barium shows a mucosal 
junction ring (arrows), or 
B ring, 2cm above the 
gastroesophageal 
junction, denoting the 
presence of a hiatal 
hernia. Also note gastric 
rugae within the hernia. 


When barium studies are performed on patients with giant 
hiatal hernias (i.e., hernias containing more than 50% of the 
stomach), the weight of the barium in the gastric fundus may 
cause it to droop inferiorly beneath the herniated gastric body 
(especially in the upright position), producing a distinctive 
appearance known as a floppy fundus (Fig. 4.48A).’° When 
the patient is in the recumbent position, however, the herni- 
ated fundus often resumes its expected location above the 
intrathoracic portion of the gastric body, so the stomach is 
no longer flopped (Fig. 4.48B). This appearance should not 
be confused with a gastric volvulus (i.e. an upside-down 
intrathoracic stomach) or paraesophageal hernia. Affected 
individuals may develop obstructive symptoms such as post- 
prandial pain, bloating, nausea, and vomiting because of the 
mechanical effect of ingested food pooling in the floppy fundus 
and subsequent traction on the stomach that impedes empty- 
ing of the hernia.*° Because symptoms result from distortion 
of the gastric anatomy, these symptoms usually resolve only 
after surgical repair of the hernia.”° 


Paraesophageal hernias 


A paraesophageal hernia is a rare entity that can be diagnosed 
on barium studies when a portion of the stomach herniates 
through the esophageal hiatus of the diaphragm alongside the 
distal esophagus into the thorax, while the gastroesophageal 
junction retains its normal position below the diaphragm 
(Fig. 4.49).7* Such patients may develop a mixed axial- 
paraesophageal hernia if the gastroesophageal junction also 
rises above the diaphragm.” Rarely, the entire stomach may 
herniate above the diaphragm into the lower thorax in an 
upside-down configuration, producing a true gastric volvulus 
(see next section, Gastric volvulus). 
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Fig. 4.49 
Paraesophageal hernia. 
The body and antrum of 
the stomach have 
herniated through the 
esophageal hiatus of the 
diaphragm into the lower 
chest, while the fundus 
and gastroesophageal 
junction are below the 
diaphragm. Note how 
the gastric body and 
antrum are narrowed 
(arrows) where they 
traverse the diaphragm. 


Paraesophageal hernias (like gastric volvulus) typically 
occur in the elderly. Affected individuals are often asymptom- 
atic, but they may occasionally develop life-threatening com- 
plications due to obstruction, strangulation, or infarction of 
the hernia.” Some authors therefore advocate surgery in all 
patients with paraesophageal hernias, but most believe these 
patients should undergo surgery only if they develop compli- 
cations because of the high morbidity and mortality of surgery 
in the elderly.”* 


Gastric volvulus (upside-down intrathoracic 
stomach) 


Gastric volvulus is an uncommon condition caused by a dia- 
phragmatic defect that enables all or part of the stomach to 
herniate into the thorax with an upside-down configuration 
(hence the term upside-down intrathoracic stomach).” The 


Fig. 4.48 Giant hiatal hernia with a floppy 
fundus. A. A spot image with the patient in the 
upright position shows a giant hiatal hernia. Note 
how pooling of barium in the fundus of the 
stomach (large black arrows) causes it to flop 
inferiorly beneath the gas-filled body, erroneously 
suggesting an upside-down intrathoracic stomach. 
Also note a small amount of barium cascading 
from the fundus through the diaphragm (small 
black arrows) into the intra-abdominal portion of 
the stomach. B. Another spot image with the 
patient in the prone, right anterior oblique position 
shows that the gastric body has passed below the 
diaphragm with the herniated gastric fundus (black 
arrows) now located above the body. (White 
arrows denote location of gastroesophageal 
junction in A and B.) (Reproduced with permission 
from reference 26) 


vast majority of patients have an organoaxial volvulus in which 
the stomach rotates upward around its long axis into the right 
lower chest, but occasional patients have a mesenteroaxial 
volvulus in which the stomach rotates around its transverse 
axis into the left lower chest.” Gastric volvulus usually occurs 
in elderly patients over the age of 70 in whom larger diaphrag- 
matic defects are more likely to be present.” 

Gastric volvulus is typically manifested on barium studies 
by an upside-down intrathoracic stomach with the greater 
curvature located above the lesser curvature, the cardia and 
pylorus positioned in close proximity, and downward 
pointing of the pylorus and duodenum (Fig. 4.50).7” When 
the stomach has a partially intrathoracic location, gastric 
volvulus may be difficult to distinguish from a paraesopha- 
geal hernia, but the clinical implications of these conditions 
are quite similar. 

Many patients with gastric volvulus are asymptomatic, but 
some may develop gastric outlet obstruction or incarceration 
and strangulation of the intrathoracic stomach, resulting in 
gastric necrosis and perforation.” A  strangulated gastric 
volvulus is therefore an acute surgical emergency. Considering 
that gastric volvulus occurs in the elderly, however, surgery 
probably should not be performed on asymptomatic patients 
with this condition (depending on their age), as the risks of 
surgery may outweigh the risk of developing serious 
complications.” 


Gastric varices 


Gastric varices are most commonly caused by portal hyperten- 
sion resulting from increased pressure in the portal and splenic 
veins, with reversal of blood flow through the short gastric 
veins into the fundal venous plexus and the development of 
fundal and esophageal varices. Less frequently, increased pres- 
sure in the splenic vein in patients with splenic vein obstruc- 
tion also leads to reversal of flow through the short gastric 
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Fig. 4.50 Gastric 
volvulus (upside-down 
intrathoracic stomach). 
The entire stomach 
(arrows) is located above 
the diaphragm in the 
right lower chest and has 
flipped upside-down, so 
that the greater curvature 
is located above the 
lesser curvature, also 
known as an organoaxial 
gastric volvulus. 


veins and the development of fundal varices. In the latter 
patients, however, venous blood from the dilated fundal plexus 
is diverted to the portal venous system via the coronary vein 
without producing esophageal varices. As a result, patients 
with combined esophageal and gastric varices almost always 
have portal hypertension, whereas patients with isolated gastric 
varices may have splenic vein obstruction as the cause of their 
varices.” 

Gastric varices are important because of the risk of gastro- 
intestinal bleeding, which can vary from low-grade oozing to 
massive hematemesis. When major bleeding occurs in patients 
with gastric varices caused by splenic vein obstruction, these 
individuals can be treated by simple splenectomy.” In con- 
trast, patients with gastric varices caused by portal hyperten- 
sion may require some form of portosystemic shunt, as 
splenectomy alone has no effect on the varices.” 

Gastric varices typically appear on barium studies as 
smooth, round, or ovoid submucosal defects in the gastric 
fandus that have been likened to the appearance of a bunch of 
grapes (Fig. 4.51). Occasionally, however, a conglomerate 
mass of fundal varices (also known as tumorous varices) are 
manifested by a smooth, undulating submucosal mass on the 
medial aspect of the fundus near the cardia that can be mistaken 
for a polypoid carcinoma, lymphoma, or GIST (Fig. 4.52). 
When gastric varices are suspected on barium studies, it is 
important to evaluate the esophagus for associated uphill vari- 
ces, as the combined presence of esophageal and gastric varices 
almost always indicates portal hypertension as the underlying 
cause, whereas the presence of isolated gastric varices in the 
absence of esophageal varices raises the possibility of splenic 
vein obstruction with a patent portal vein.”? 

Portal hypertensive gastropathy is a pathologic condition 
caused by portal hypertension in which chronic venous 


Fig. 4.51 Gastric varices. Multiple smooth, round submucosal masses 
(arrows) are seen in the gastric fundus, resembling the appearance of a bunch 
of grapes. (Reproduced with permission from reference 29) 


Fig. 4.52 
Conglomerate mass of 
gastric varices (also 
known as tumorous 
varices). A large, 
lobulated submucosal 
mass (arrows) is seen on 
the medial wall of the 
gastric fundus. This mass 
of varices could be 
mistaken for a malignant 
GIST, lymphoma, or even 
a submucosally 
infiltrating carcinoma. 
(Reproduced with 
permission from 
reference 29) 


congestion in the stomach results in mucosal hyperemia, 
capillary ectasia, and dilated arterioles and veins in the 
absence of actual varices.*° Like gastric varices, this condition 
is also a cause of upper gastrointestinal bleeding. Portal 
hypertensive gastropathy may be manifested on barium stud- 
ies by thickened, undulating folds in the gastric fundus due to 
a combination of mucosal hyperemia and dilated submucosal 
vessels.” The differential diagnosis includes gastric varices, 
various forms of gastritis, lymphoma, and, rarely, Ménétrier’s 
disease. 


Gastric diverticulum 


A gastric diverticulum is usually discovered as an incidental 
finding on barium studies. The diverticulum almost always 
arises from the posterior wall of the gastric fundus, so it is 
best visualized in profile on lateral views of the stomach, 
appearing as a relatively large, rounded outpouching with a 
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Fig. 4.53 Gastric fundal diverticulum. The diverticulum (arrows) is seen 
arising from a discrete neck on the posterior wall of the gastric fundus. 


discrete neck (Fig. 4.53).2” Unlike diverticula elsewhere in the 
gastrointestinal tract, a gastric diverticulum is rarely associated 
with complications such as bleeding or perforation. 


Antral webs and diaphragms 


Antral webs and diaphragms are membranous septa in the 
distal gastric antrum that are oriented perpendicular to the 
long axis of the stomach.”” Depending on the size of the central 
aperture, affected individuals may present with recurrent 
nausea and vomiting due to varying degrees of gastric outlet 
obstruction. While some investigators believe that antral webs 
and diaphragms are congenital abnormalities, these patients 
may be asymptomatic until adulthood. 

Antral webs and diaphragms typically appear on barium 
studies as sharply defined band-like defects occurring at right 
angles to the gastric wall (Fig. 4.54).” The webs are best 
visualized when the antrum is optimally distended. In patients 
with marked luminal narrowing, a web can occasionally be 
mistaken for the pylorus, and the antrum distal to the web for 
the duodenal bulb.”” 


Adult hypertrophic pyloric stenosis 


Adult hypertrophic pyloric stenosis is a condition resulting 
from hypertrophy of the pyloric musculature. This condition 
may represent a milder form of the same abnormality found in 
infants and children. Most patients with the adult form of 
hypertrophic pyloric stenosis are asymptomatic, but some may 
develop nausea and vomiting due to gastric outlet obstruction. 
About 50% of patients have associated gastric ulcers, most likely 
developing as a result of delayed gastric emptying with hyper- 
gastrinemia and subsequent hyperacidity.”” 

Adult hypertrophic pyloric stenosis may be manifested 
on barium studies by marked elongation and narrowing of 
the pyloric canal, which can measure up to 2 to 4cm in 
length (the normal length is less than 1cm in adults) 


Fig. 4.54 Antral web. The web is characterized by a sharply defined 
band-like defect (white arrows) at right angles to the gastric wall that 
markedly narrows the lumen. Note a second area of narrowing more 

distally at the pylorus (black arrow). 


IL 


Fig. 4.55 Adult 
hypertrophic pyloric 
stenosis. There is 
marked elongation and 
narrowing of the pyloric 
canal, which bulges into 
the duodenum, 
producing a discrete 
indentation (black 
arrows) on the base of 
the duodenal bulb. 
(White arrow denotes 
proximal end of pyloric 
narrowing.) If the findings 
are equivocal, endoscopy 
and biopsy are required 
to rule out a prepyloric 
scirrhous carcinoma (see 
Fig. 4.36). 


¢ 
*. 

rs 
(Fig. 4.55). The proximal end of the pyloric canal merges 
gradually with the adjacent antrum, producing a tapered 
juncture without the shoulders expected for a malignant 
tumor. In contrast, the distal end of the hypertrophic pyl- 
oric muscle may bulge into the duodenum, producing a 


concave indentation on the base of the duodenal bulb (see 
Fig. 4.55).7” 


Gastric outlet obstruction 


Peptic ulcer disease is the most common cause of gastric outlet 
obstruction in adults, accounting for about two-thirds of 
cases.’ The ulcers are usually located in the gastric antrum, 
pyloric channel, or duodenal bulb. Narrowing and obstruction 
of the lumen may be caused by acute inflammation, edema, 
and spasm or by chronic fibrosis and scarring. Most of the 
remaining cases of gastric outlet obstruction are caused by 
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carcinoma of the distal gastric antrum or pylorus.” In contrast 
to patients with peptic ulcer disease, who typically have a long- 
standing history of ulcer symptoms, patients with malignant 
tumor usually present with recent onset of nausea and 
vomiting. Other less common causes of gastric outlet obstruc- 
tion include pancreatitis, pancreatic carcinoma, metastatic 
tumor, and granulomatous diseases such as Crohn’s disease, 
sarcoidosis, tuberculosis, and syphilis. 

Gastric outlet obstruction may be manifested on barium 
studies by retained food and debris in a variably dilated stom- 
ach with delayed emptying of barium into the duodenum 
(Fig. 4.56A). In patients with chronic gastric outlet obstruc- 
tion, the stomach may become massively distended, extending 
inferiorly into the lower abdomen or even the pelvis. The 
purpose of the barium study is not only to confirm the pres- 
ence of gastric outlet obstruction and determine its severity, 
but also to elucidate the underlying cause. A persistent barium 
collection in the antrum, pylorus, or duodenal bulb should 
suggest peptic ulcer disease, whereas a discrete mass or irregu- 
lar narrowing of the gastric antrum or duodenum should 
suggest malignant tumor (Fig. 4.56B). 

Paradoxically, retained food in the stomach may prevent 
antegrade passage of barium (especially low-density barium) to 
the site of obstruction in the distal antrum, pylorus, or duode- 
num, limiting the value of the barium study. Even in patients 
with relatively high-grade gastric outlet obstruction, however, 
this problem can often be circumvented by having the patient 
ingest high-density (250% w/v) barium in the upright position 
and turning him or her 90 degrees to the right as the fluoros- 
copy table is lowered to a recumbent position in order to utilize 
the effect of gravity and manipulate the high-density barium to 
the site of obstruction and elucidate its cause (see Fig. 4.56B). 


Gastroparesis 


Gastroparesis is a condition in which there is decreased or 
absent peristalsis in the stomach, leading to varying degrees of 
gastric dilatation with delayed emptying of solid food from the 
stomach. The two most common causes of gastroparesis 


Fig. 4.56 Gastric outlet obstruction. A. An 
upright spot image shows a dilated, fluid-filled 
stomach with pooling of barium and debris near 
the greater curvature because of the effect of 
gravity. B. A repeat spot image after the table was 
tilted to its horizontal setting with the patient in a 
right side down lateral position enables barium to 
reach the site of obstruction because of the effect 
of gravity. Note marked narrowing of the proximal 
descending duodenum (arrow) by an advanced 
pancreatic cancer invading the duodenum. 


are diabetes and narcotics.*! Other causes include recent 


abdominal surgery, hormonal imbalances, and a variety of 
pharmacologic agents. Gastroparesis may also occur as an 
idiopathic condition, primarily in young women.” Affected 
individuals typically present with postprandial nausea, 
vomiting, bloating, and abdominal pain. Treatment includes 
hyperkinetic agents such as metaclopramide to increase gastric 
peristalsis and, if possible, correction of the underlying cause. 
In patients with gastroparesis, barium studies typically 
reveal decreased or absent gastric peristalsis with retained 
debris in the stomach (despite the patient being NPO), variable 
degrees of gastric distention, and variably delayed emptying of 
barium from the stomach in the absence of any morphologic 
findings of gastric outlet obstruction." It has been shown that 
the diagnosis of gastroparesis on barium studies results in 
successful treatment of many patients without need for endos- 
copy or nuclear solid gastric emptying scans.*’ Because gastric 
peristalsis is required for mechanical breakdown of food in the 
stomach, patients with gastroparesis are at increased risk for 
developing gastric bezoars (see later section, Gastric bezoars). 


Hyperirritable stomach 


Patients with nausea and vomiting are often referred for 
barium studies to determine if their symptoms are caused by 
mechanical obstruction (i.e., gastric outlet obstruction or small 
bowel obstruction) or by functional gastrointestinal disorders 
(ie., gastroparesis or adynamic ileus). Paradoxically, regurgi- 
tation of ingested barium may cause the radiologist to abort 
the procedure because of inadequate residual barium in the 
stomach for diagnostic purposes. However, a subset of patients 
with nausea and vomiting may have a so-called hyperirritable 
stomach characterized on barium studies by a constellation of 
findings, including rapid emesis of much of the ingested 
barium, a collapsed stomach with little or no retained debris 
or fluid, and normal emptying of residual barium into non- 
dilated duodenum and proximal small bowel (Fig. 4.57).>2 
When this constellation of findings is present on barium 
studies, gastric outlet obstruction, gastroparesis, and small 
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Fig. 4.57 Hyperirritable stomach. A spot image after rapid emesis of most of 
the ingested barium shows a collapsed stomach with little or no retained debris 
or fluid and emptying of a small amount of barium into non-dilated duodenum 
and proximal small bowel. This patient had a hyperirritable stomach with 
marked nausea and vomiting secondary to treatment with oxycodone for back 
pain. His nausea and vomiting resolved after discontinuation of the narcotic 
agent. (Reproduced with permission from reference 32) 


bowel obstruction or ileus are very unlikely, as these condi- 
tions are usually associated with a dilated rather than a col- 
lapsed stomach, often with retained debris or fluid and delayed 
emptying of barium into the duodenum and small bowel.*” 
Instead, most of these patients are found to have extraintes- 
tinal causes of nausea and vomiting, such as pharmacologic 
agents (e.g., narcotics), infectious conditions, gastroenteritis, 
acute renal failure, and liver metastases.*” Successful treatment 
of the underlying condition often leads to marked improvement 
or resolution of the patient’s nausea and vomiting.*” Radiolo- 
gists should therefore evaluate the stomach and duodenum even 
after rapid emesis of ingested barium in patients with nausea 
and vomiting to differentiate a hyperirritable stomach from 
mechanical or functional gastrointestinal obstruction. 


Gastric bezoars 


Gastric bezoars are defined as conglomerate masses of food or 
foreign matter in the stomach. Affected individuals may pre- 
sent with nausea, vomiting, bloating, and early satiety, some- 
times necessitating endoscopic dissolution of the bezoar. 
Gastric bezoars have classically been described in people who 
ingest unripe persimmons or other fruit or vegetable matter 
that is not adequately broken down in the stomach (also 
known as phytobezoars).”’ Bezoars have also been attributed 
to trichophagia (hair swallowing) in young women who 
develop matted balls of ingested hair in the stomach (also 
known as trichobezoars).”” 

Despite these classic descriptions of bezoars, recent experi- 
ence suggests that gastroparesis is by far the most common 


Fig. 4.58 Gastric 
bezoar after Billroth Il. 
A barium study shows a 
arge, mottled mass 
black arrows) floating in 
he barium pool within 
he lumen of the gastric 
remnant after a Billroth II 
partial gastrectomy. 

Also note a stricture 
white arrow) at 

he gastrojejunal 
anastomosis that further 
predisposed this patient 
o the development of a 
gastric bezoar. 


cause of gastric bezoars (most commonly from diabetes or 
narcotics); decreased gastric peristalsis results in poor mech- 
anical breakdown of ingested solids that serve as the nidus for 
bezoar formation.*’ Because the gastric antrum and body (but 
not the fundus) are normally responsible for gastric peristalsis, 
the other common cause of gastric bezoars is gastric surgery in 
which there has been resection or bypass of this portion of the 
stomach. In patients who have undergone a partial gastrec- 
tomy, bezoars may develop in the gastric remnant (i.e., the 
gastric fundus) due to loss of motility and the normal mixing 
function of the distal portion of the stomach (Fig. 4.58). 
Patients who have undergone Roux-en-Y gastric bypass are 
also at increased risk for developing bezoars in the gastric 
pouch because of surgical bypass of the gastric antrum and 
body (the functional equivalent of severe gastroparesis) (see 
later section, Laparoscopic Roux-en-Y gastric bypass).°° 
Gastric bezoars typically appear on barium studies as mobile 
masses that have a mottled appearance and float in the barium 
pool (see Fig. 4.58).”” In other patients, however, bezoars may 
have a more homogeneous appearance and may be immobile or 
even sink to the bottom of the barium pool.** The possibility of 
a bezoar should always be considered when a large filling defect 
is seen in the gastric remnant or pouch after gastric resection or 
bypass. It should also be recognized that patients with gastric 
bezoars may have acute clinical symptoms of relatively short 
duration and that bezoars sometimes can heal rapidly on con- 
servative treatment without need for endoscopic intervention.” 


Gastroduodenal intussusception 


Gastroduodenal intussusception is a rare condition occurring 
primarily in patients with benign or malignant gastric neo- 
plasms that serve as the lead point for the intussusception. 
Affected individuals usually present with acute gastric outlet 
obstruction manifested by sudden onset of severe nausea and 
vomiting. Barium studies may reveal foreshortening and 
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narrowing of the gastric antrum, converging or telescoping 
folds in the antrum, widening of the pyloric channel, and an 
expansile intraluminal mass in the duodenum that has the 
characteristic coiled-spring appearance of an intussusception 
(Fig. 4.59).” Early surgical intervention is required. 


Gastrocolic fistulas 


In today’s pill-oriented society, NSAID-induced greater curva- 
ture gastric ulcers are by far the most common cause of 
gastrocolic fistulas (see earlier section, Greater curvature 
ulcers).* In such cases, barium studies may reveal direct com- 
munication between the greater curvature ulcer and the adja- 
cent transverse colon (see Fig. 4.5). Other causes of gastrocolic 


Fig. 4.59 
Gastroduodenal 
intussusception. 

A large, expansile mass 
(arrows) is seen in the 
duodenal bulb and 
adjacent descending 
duodenum associated 
with the classic coiled- 
spring appearance of a 
gastroduodenal 
intussusception. At 
surgery, this patient was 
found to have a benign 
GIST in the stomach that 
intussuscepted into the 
duodenum as the cause 
of these findings. 


a 
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fistulas include gastric and colonic carcinoma, lymphoma, 
E PET x DT: 
Crohn’s disease, radiation, and tuberculosis. 


Gastric perforation 


Gastric perforation may result from a variety of causes, in- 
cluding benign gastric ulcers, malignant neoplasms, gastric 
ischemia and necrosis, surgery, and other iatrogenic injuries 
(e.g., traumatic endoscopy).”” When gastric perforation is sus- 
pected, a critical question for the radiologist is whether to 
administer water-soluble contrast agents or barium to these 
patients. Each contrast medium has its own advantages and 
disadvantages. In the presence of a leak, water-soluble contrast 
material is an innocuous agent that causes no damage in the 
peritoneal cavity, and, unlike barium, is quickly resorbed after 
the study is completed. On the other hand, water-soluble con- 
trast agents are less radiopaque than barium, so subtle leaks are 
less likely to be detected. Because of its greater density, a high- 
density (250% w/v) barium - the same barium used for routine 
double contrast upper gastrointestinal examinations - can 
detect 50% of leaks missed with water-soluble contrast agents.** 
The optimal approach for detecting upper GI leaks is therefore 
to start with a water-soluble contrast agent (Fig. 4.60A). If no 
definite leak is found, the study immediately is repeated with 
high-density barium to rule out subtle leaks that could be 
missed with water-soluble contrast agents (Fig. 4.60B). 


Postoperative stomach 
Partial gastrectomy 


The most common indications for partial gastrectomy are 
distal gastric carcinomas and refractory or complicated 
gastric ulcers. Partial gastrectomies may be further classified 


Fig. 4.60 Total gastrectomy and 
esophagojejunostomy with definite 
anastomotic leak only after administration of 
high-density barium. A. The initial spot image 
after administration of a water-soluble contrast 
agent shows a questionable tiny leak (small arrow) 
abutting the esophagojejunal anastomosis (large 
arrow). B. A repeat spot image after administration 
of high-density barium unequivocally shows two 
small leaks (arrows) from both sides of the 
esophagojejunal anastomosis. This case illustrates 
the importance of repeating the examination with 
high-density barium when no definite leak is seen 
with a water-soluble contrast agent. (A and B 
reproduced with permission from reference 35) 
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Fig. 4.61 Billroth Il 
with an anastomotic 
leak. A water-soluble 
contrast study shows 
breakdown of the 
gastrojejunal 
anastomosis (black 
arrow) with extravasation 
of contrast material into 
multiple extraluminal 
collections and tracks 
(white arrows) in the left 
subphrenic space. 


as Billroth I and Billroth II procedures. A Billroth I procedure 
entails a distal gastrectomy with an end-to-end antroduode- 
nostomy. This operation has been abandoned because of 
marked bile reflux into the stomach. In contrast, a Billroth II 
procedure entails a distal gastrectomy with an end-to-side 
gastrojejunostomy, resulting in the creation of an afferent loop 
that communicates proximally with a blind-ending duodenal 
stump and an efferent loop that continues distally. 

Early complications after Billroth II include leaks from 
the gastrojejunal anastomosis, or, less commonly, the blind- 
ending duodenal stump, and gastric outlet obstruction or 
afferent loop obstruction due to acute postoperative edema 
and spasm at the gastrojejunal anastomosis.*” Leaks from the 
gastrojejunal anastomosis may be manifested on water-soluble 
contrast studies by focal extravasation into one or more 
confined extraluminal collections (Fig. 4.61) or by free extrava- 
sation into the peritoneal cavity. 

Late complications after Billroth II include anastomotic 
strictures, afferent loop obstruction, bezoars in the gastric rem- 
nant (see Fig. 4.58), non-dependent anastomoses, bile reflux 
gastritis, anastomotic ulcers, gastrojejunal intussusception, and 
carcinoma of the gastric remnant.” Benign postsurgical stric- 
tures at the gastrojejunal anastomosis typically appear as short 
segments of smooth narrowing with variable dilatation of the 
gastric remnant and delayed emptying of barium into the small 
bowel, depending on the degree of obstruction (Fig. 4.62). Such 
strictures are usually amenable to endoscopic dilatation proce- 
dures. Scarring at the gastrojejunal anastomosis may also cause 
obstruction of the afferent loop, resulting in an afferent loop 
syndrome. Anastomotic strictures also predispose patients to 
the development of bezoars in the gastric remnant, though 
bezoars can develop even in the absence of strictures because 
of surgical resection of the gastric antrum and body (the func- 
tional equivalent of gastroparesis) (see earlier section, Gastric 
bezoars)? Other patients may have delayed gastric emptying if 
the gastrojejunal anastomosis has been placed so high on the 
anterior wall of the gastric pouch that it is in a non-dependent 


Fig. 4.62 Billroth II with an anastomotic stricture. A short segment of 
smooth, symmetric narrowing (arrow) is seen at the gastrojejunal anastomosis 
due to a benign anastomotic stricture. 


Fig. 4.63 Billroth Il 
with a non-dependent 
anastomosis. In this 
patient with a Billroth II 
partial gastrectomy, a 
right lateral spot image 
shows a non-dependent 
gastrojejunal 
anastomosis (arrows) 
high on the anterior wall 
of the gastric remnant. 
Although the 
anastomosis is widely 
patent, this patient had 
intractable nausea and 
vomiting because of the 
effect of gravity and 
resulting functional 
obstruction. In such 
cases, surgical revision of 
the anastomosis may be 
required. 


location, causing functional obstruction because of the effect of 
gravity (Fig. 4.63). In such cases, surgical repositioning of the 
anastomosis may be required to facilitate gastric emptying. 

Bile reflux gastritis, a frequent complication after Billroth II, 
is manifested on barium studies by thickened, lobulated folds in 
the gastric remnant (Fig. 4.64). Anastomotic ulcers (also known 
as marginal ulcers) typically develop on the jejunal side of the 
gastrojejunal anastomosis (Fig. 4.65).°° Rarely, patients with 
Billroth II may develop acute gastric outlet obstruction due to 
a gastrojejunal intussusception, manifested by narrowing of the 
distal gastric remnant with a coiled-spring defect in the adjacent 
jejunum and varying degrees of obstruction. 

Patients with Billroth II are at increased risk for develop- 
ing carcinoma of the gastric remnant. These stump carcin- 
omas typically develop many years after partial gastrectomy 
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Fig. 4.64 Billroth Il with bile reflux gastritis. In this patient with a Billroth II 
partial gastrectomy, there are thickened, lobulated folds in the gastric remnant 
due to chronic bile reflux gastritis (arrows denote gastrojejunal anastomosis.) 
(Reproduced with permission from reference 35) 


and are thought to result from chronic bile reflux gastritis 
with the development of gastric metaplasia and, eventually, 
gastric carcinoma.’ Although the risk of gastric cancer is 
increased, it is not felt to be high enough to warrant routine 
surveillance. 


Total gastrectomy and esophagojejunostomy 


Total gastrectomy and esophagojejunostomy is most com- 
monly indicated for surgical treatment of advanced or proximal 
gastric carcinomas. There are three forms of surgery: a simple 
loop esophagojejunostomy, a Roux-en-Y esophagojejunost- 
omy, and a Roux-en-Y esophagojejunostomy with creation of 
a jejunal pouch.”° With a simple loop esophagojejunostomy, the 
esophagus is anastomosed end-to-side to the proximal jejunum, 
creating afferent and efferent loops with a blind-ending duo- 
denal stump. Because of massive bile reflux into the esophagus, 
this procedure is rarely performed. With a Roux-en-Y esopha- 
gojejunostomy, the jejunum is transected just distal to the 
esophagojejunal anastomosis, creating a short, blind-ending 
jejunal stump, with anastomosis of the Roux limb to the 
diverted duodenum and jejunum 40cm or more distal to the 
esophagojejunostomy to prevent or minimize bile reflux into 
the esophagus. The latter procedure may also entail creation of a 
jejunal pouch (also known as a Hunt-Lawrence pouch) as a 
reservoir distal to the esophagojejunostomy. 

Anastomotic leaks occur in about 10% of patients after 
esophagojejunostomy and Roux-en-Y reconstruction.*° These 
leaks typically arise from the esophagojejunal anastomosis and, 
less frequently, from the jejunojejunal anastomosis or blind- 
ending jejunal stump.”° If a water-soluble contrast agent fails 
to show a leak (see Fig. 4.60A), the examination should 


Fig. 4.65 Billroth Il 
with a marginal ulcer. 
In this patient with a 
Billroth II partial 
gastrectomy, an 
anastomotic ulcer (short 
arrow) is seen arising 
from the first loop of 
jejunum directly abutting 
the gastrojejunal 
anastomosis (long arrow). 


Fig. 4.66 Total 
gastrectomy and 
esophagojejunostomy 
with jejunal ischemia. 
There is a long segment 
of narrowing with 
hickened, spiculated 
folds in the Roux limb 
abutting the 
esophagojejunal 
anastomosis (arrow) due 
o submucosal edema 
and hemorrhage from 
acute postoperative 
jejunal ischemia. 


immediately be repeated with high-density barium to detect 
leaks that might otherwise be missed (see Fig. 4.60B).°** Other 
patients may develop ischemia of the Roux limb due to com- 
promise of the blood supply to the mobilized small bowel. In 
such cases, postoperative contrast studies may reveal thickened 
folds, thumbprinting, or tubular narrowing of the Roux limb 
(Fig. 4.66). 

Narrowing at the esophagojejunal anastomosis may develop 
as a late complication due to a benign postoperative stricture, 
alkaline reflux esophagitis, or recurrent tumor.*° Anastomotic 
strictures are usually manifested on barium studies by short 
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Fig. 4.67 Total 
gastrectomy and 
esophagojejunostomy 
with an anastomotic 
stricture. A short 
segment of smooth, 
slightly asymmetric 
narrowing (arrow) is seen 
at the esophagojejunal 
anastomosis due to a 
benign anastomotic 
stricture. 


segments of smooth narrowing (Fig. 4.67), whereas alkaline 
reflux esophagitis may lead to long, rapidly progressive 
strictures, often extending a considerable distance above 
the esophagojejunal anastomosis.*° Finally, recurrent tumor 
may be manifested by a variable segment of irregular, asym- 
metric narrowing involving the distal esophagus and adja- 
cent anastomosis (Fig. 4.68). When recurrent tumor is 
suspected on barium studies, endoscopy and biopsy should 
be performed for a definitive diagnosis. 


Bariatric surgery 
Vertical banded gastroplasty 


At one time, vertical banded gastroplasty (VBG) was a popular 
form of bariatric surgery in which a row of staples was placed in 
the proximal stomach to create a small gastric pouch high on 
the lesser curvature, with a plastic band inserted at the outlet 
of the pouch. However, VBG has been replaced by other forms 
of restrictive surgery because of difficulty maintaining weight 
loss and the tendency to form excessive scar tissue at the site of 
the band, making it difficult to reverse this procedure. 

With a normal VBG, barium studies with the patient 
upright show emptying of barium from the pouch via the 
banded segment into the distal stomach, with separation of 
the pouch from the gas-filled fundus by a row of staples. When 
the patient is recumbent, barium may flow uphill into the 
gastric fundus, mimicking breakdown of the gastric staple line, 
so assessment of staple line integrity should initially be per- 
formed with the patient upright. 

The two most common complications are narrowing of the 
banded segment and disruption of the staple line. Patients with 
a narrowed banded segment typically present with obstructive 
symptoms; barium studies may show variable narrowing of 
the banded segment with dilatation of the pouch and delayed 


Fig. 4.68 Total 
gastrectomy and 
esophagojejunostomy 
with recurrent tumor. 
A long segment of 
narrowing is seen 
involving the distal 
esophagus (short arrows) 
and both loops of 
jejunum (long arrows) 
abutting the 
esophagojejunal 
anastomosis due to 
recurrent tumor encasing 
these structures. 


Fig. 4.69 Vertical 
banded gastroplasty 
with narrowing of the 
banded segment. This 
patient had severe 
nausea and vomiting 
because of partial gastric 
outlet obstruction due to 
relatively tight narrowing 
of the banded segment 
(arrow) at the outlet of 
the gastric pouch. 


emptying of barium into the remaining stomach (Fig. 4.69). In 
contrast, patients with staple line dehiscence typically present 
with recurrent weight gain; barium studies may show barium 
passing from the pouch into the remaining stomach via a 
gastrogastric fistula where the staple line is disrupted. 


Sleeve gastrectomy 

Sleeve gastrectomy is a form of restrictive surgery in which a 
major portion of the stomach is resected longitudinally along 
the greater curvature, resulting in the creation of a gastric tube 
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Fig. 4.70 Gastric 
sleeve with a leak from 
the staple line. A water- 
soluble contrast study 
shows a long, narrowed 
gastric tube (after 
resection of the greater 
curvature) with focal 
extravasation of contrast 
material from the staple 
line on the proximal 
greater curvature (small 
arrow) into a confined 
extraluminal collection 
(large arrow) in the left 
subphrenic space. 


that causes early satiety and weight loss. Unlike other forms of 
restrictive surgery, sleeve gastrectomy is irreversible and is 
associated with a high frequency of leaks. Such leaks are 
typically visualized on water-soluble contrast studies as focal 
areas of extravasation from the staple line along the greater 
curvature into one or more extraluminal collections in the left 
subphrenic space (Fig. 4.70). As surgical techniques improve, 
this procedure is likely to become more popular. 


Laparoscopic Roux-en-Y gastric bypass 


Laparoscopic Roux-en-Y gastric bypass has become an 
increasingly popular form of bariatric surgery because of its 
ability to produce sustained weight loss by restricting food 
intake. This procedure currently accounts for more than 90% 
of all bariatric surgery performed in the United States. 
A laparoscopic approach is favored over an open laparotomy 
because of a lower postoperative morbidity and shorter recov- 
ery period. 

Roux-en-Y gastric bypass is performed by transecting and 
stapling a segment of the proximal stomach to create a small 
gastric pouch abutting the gastroesophageal junction. The 
pouch is anastomosed side-to-side to a loop of proximal 
jejunum (also known as the Roux limb), which is then tran- 
sected adjacent to the anastomosis, creating a short, blind- 
ending jejunal stump. A side-to-side jejunojejunostomy is also 
created between the distal end of the Roux limb and the 
diverted duodenum and jejunum (also known as the afferent 
limb or pancreaticobiliary limb).”*° 

Early complications after Roux-en-Y gastric bypass include 
anastomotic leaks and acute ischemia. Such leaks usually 
involve the gastrojejunal anastomosis and, less frequently, the 
blind-ending jejunal stump or jejunojejunal anastomosis. 
These leaks may be manifested on water-soluble contrast 
studies by focal extravasation of contrast from the anastomosis 
into a confined extraluminal collection (Fig. 4.71) or free 


Fig. 4.71 Roux-en-Y 
gastric bypass with 
anastomotic 
breakdown. A water- 
soluble contrast study 
shows disruption of the 
gastrojejunal 
anastomosis with focal 
extravasation of contrast 
material into multiple 
confined collections and 
tracks (arrows) in this 
region. 


extravasation of contrast into the peritoneal cavity. If there is 
no evidence of a leak, the study should immediately be 
repeated with high-density barium to rule out leaks that could 
be missed with water-soluble contrast agents. Acute postopera- 
tive ischemia can result from compromise of the vascular 
supply of the mobilized small bowel. Barium studies may 
reveal narrowing, spiculation, or thumbprinting of the Roux 
limb in these patients. 

Late complications after Roux-en-Y gastric bypass 
include anastomotic strictures, bezoars in the gastric pouch, 
ulcers, ischemic small bowel strictures, adhesions, and 
internal hernias.” Benign anastomotic strictures are by far 
the most common cause of postoperative nausea, vomiting, 
and regurgitation. These strictures typically appear on 
barium studies as short segments of smooth narrowing at 
the gastrojejunal anastomosis (Fig. 4.72). Because this anas- 
tomosis is often created via an anterior antecolic approach, it 
is usually located on the anterior wall of the gastric pouch. 
As a result, anastomotic strictures are often difficult to 
visualize on frontal or shallow oblique spot images because 
of overlap of the pouch and proximal jejunum that prevents 
visualization of the anastomosis in profile (see Fig. 4.72A).°” 
In contrast, these strictures are readily visualized in profile 
on lateral or steep oblique views that eliminate this overlap 
(see Fig. 4.72B).°” Such views should therefore be obtained 
routinely on barium studies after Roux-en-Y gastric bypass 
to avoid missing these strictures. 

Gastric bezoars may develop in the gastric pouch after 
Roux-en-Y gastric bypass because of functional absence of 
the antrum and body, the portion of the stomach respon- 
sible for mechanical breakdown of ingested solids (see 
earlier section, Gastric bezoars).°° The risk of bezoars is even 
higher in patients with strictures at the gastrojejunal anasto- 
mosis. Other patients may develop ulcers on the jejunal side 
of the gastrojejunal anastomosis due to acid entering the 
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Fig. 4.73 Roux-en-Y 
gastric bypass with 
giant ulcers in the Roux 
limb. A barium study 
shows two giant ulcers 
(arrows) in the Roux limb 
(one near the 
gastrojejunal 
anastomosis and one 
more distally). These 
ulcers are thought to 
develop as a result of 
chronic ischemia. 
(Reproduced with 
permission from 
reference 38) 


Roux limb from the stomach. Still other patients may 
develop one or more giant, intractable ulcers in the Roux 
limb due to chronic ischemia, necessitating aggressive med- 
ical or even surgical management (Fig. 4.73).°° These 
patients may also develop ischemic strictures in the Roux 
limb, most likely from postsurgical tension on the proximal 
jejunum or a prolonged period of hypotension.’ In such 
cases, barium studies may reveal long segments of smooth, 
tubular narrowing with effaced or obliterated folds in the 
Roux limb, necessitating surgical resection of the diseased 
bowel (Fig. 4,74).°? 


Fig. 4.72 Roux-en-Y gastric bypass with a 
stricture at the gastrojejunal anastomosis. 

A. The initial spot image with the patient in a 
frontal position shows considerable overlap 
between the gastric pouch (black arrow) and Roux 
imb (white arrow), preventing visualization of the 
anastomosis in profile. B. A repeat spot image with 
he patient in a steep right posterior oblique 
position enables visualization of the gastrojejunal 
anastomosis (small black arrow) between the 
gastric pouch (white arrow) and the Roux limb 
large black arrow). A tight anastomotic stricture is 
clearly visible. (A and B reproduced with 
permission from reference 37) 


Fig. 4.74 Roux-en-Y 
gastric bypass with an 
ischemic stricture in 
the Roux limb. A barium 
study shows a long, 
smooth, tubular stricture 
(arrows) in the Roux limb, 
most likely secondary to 
chronic ischemia. 


Recurrent weight gain may occur after Roux-en-Y gastric 
bypass if the restrictive effect of the pouch is lost because of 
partial or total disruption of the gastric staple line, stretching 
or enlargement of the pouch, or widening of the gastrojejunal 
anastomosis. These findings can all be shown on postoperative 
barium studies. 


Laparoscopic adjustable gastric banding 

Since its approval by the FDA in 2001, laparoscopic adjustable 
gastric banding has become an increasingly popular form of 
bariatric surgery in the United States. This procedure produces 
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weight loss comparable to that of Roux-en-Y gastric bypass 
with less side effects and complications. Unlike gastric bypass, 
however, laparoscopic bands require multiple adjustments 
with individual tailoring of the bands. As the bands are slowly 
tightened, gastric volume is restricted, leading to early satiety 
and weight loss. 

The procedure entails laparoscopic placement of a silicone 
band around the proximal stomach, creating a small gastric 
pouch (Fig. 4.75).°° The band normally has an oblique orien- 
tation with its lateral edge higher than its medial edge. The 
band is slowly tightened by incremental administration of 
saline via a subcutaneous port connected by tubing to the 
band. Some surgeons adjust the band under fluoroscopic 
guidance in the radiology department. A barium study can 
then be performed to determine whether the band is too tight. 


Fig. 4.75 Schematic drawing of laparoscopic gastric band. Note how 
the gastric band narrows the lumen of the proximal stomach with the 
formation of a small gastric pouch above the band. The band is connected 
via tubing to a subcutaneous port that can be used to administer or withdraw 
fluid from the band, varying the degree of luminal narrowing. 

(Reproduced with permission from reference 40) 


If this study shows marked luminal narrowing by the band 
with dilatation of the gastric pouch and esophagus above the 
band and delayed emptying of barium into the remaining 
stomach (Fig. 4.76A), saline is immediately withdrawn from 
the subcutaneous port, and the barium study is repeated to 
reassess the degree of luminal narrowing (Fig. 4.76B). In one 
series, 7% of routine band adjustments were considered to be 
tight on the initial barium study, necessitating readjustment of 
the band to prevent the development of obstructive symp- 
toms.*° In that investigation, 6mm was felt to be the critical 
threshold diameter of the lumen after laparoscopic band 
adjustment; readjustment of the band was required if the 
lumen was less than 6 mm after the initial adjustment.*° 

Early complications after laparoscopic adjustable gastric 
banding include gastric perforation with leakage at the 
band site, a tight band from postoperative edema, and a mal- 
positioned or slipped band. Late complications include port 
complications with disruption of the port catheter or catheter- 
band connection, stomal stenosis, acute food impaction above 
the band, distal band slippage, and, rarely, gastric volvulus or 
even intraluminal band erosion. 

Distal slippage of the band has been reported in about 5% of 
patients. This complication occurs when the band migrates 
distally or the stomach prolapses proximally through the band, 
so the proximal gastric pouch extends more than several centi- 
meters above the band. Distal band slippage is usually associated 
with luminal narrowing and obstruction by the band (Fig. 4.77). 
Distal slippage may be reversible if all residual fluid is removed 
from the band, but if the slippage persists even after the fluid has 
been withdrawn, the band should be removed surgically. 

Gastric volvulus is a rare complication of bands precipi- 
tated by distal slippage of the band or proximal prolapse of the 
stomach through the band. Gastric volvulus occurs when the 
prolapsed portion of the stomach twists around the band, 
causing a high-grade, often closed-loop obstruction that can 
be detected on barium studies (Fig. 4.78).*" It is a potentially 


Fig. 4.76 Laparoscopic band adjustment with 
subsequent administration of barium to assess 
the degree of luminal narrowing by the band. 
A. The initial barium study after administration of 
saline into the band shows marked luminal 
narrowing (short black arrows) by the surrounding 
band (long black arrows) with mild dilatation of the 
gastric pouch (long white arrow) and distal 
esophagus (short white arrows) above the band 
and slow emptying of barium into the remaining 
stomach. B. A repeat barium study after withdrawal 
of some of the previously administered barium 
shows considerably less luminal narrowing (short 
black arrows) by the band (long black arrows) with 
less distention of the gastric pouch (long white 
arrow) and distal esophagus (short white arrows) 
above the band and better emptying of barium 
into the remaining stomach. This patient most 
likely would have developed obstructive 
symptoms if the band had not been readjusted on 
the basis of the radiographic findings. (A and B 
reproduced with permission from reference 40) 
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Fig. 4.77 Distal laparoscopic band slippage and obstruction. A barium 
study shows distal slippage of the band (black arrows), which surrounds the 
upper body of the stomach. There also is marked luminal narrowing (white 
arrow) by the band with distention of the gastric pouch above the band and 
slow emptying of barium into the remaining stomach. 


Fig. 4.79 Intraluminal erosion and migration of laparoscopic band 
causing distal esophageal obstruction. A barium study shows how the 
laparoscopic band (black arrows) has eroded into the lumen, so that it is 
surrounded on all sides by barium. Also note dilatation of the distal esophagus 
(white arrows) due to obstruction at the gastroesophageal junction by the 
migrated band. (Reproduced with permission from reference 42) 
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Duodenal ulcers 
Shape and size 


Duodenal ulcers typically appear as round or ovoid collections 
of barium but may occasionally have a linear configuration. 
Most ulcers detected on double contrast studies are less than 
lcm in size and some are as small as several millimeters. 
A major advantage of double contrast technique is its ability 
to demonstrate these tiny ulcer craters. In contrast, giant 
duodenal ulcers are defined as ulcers greater than 2 cm in size 
(see later section, Giant duodenal ulcers). 


Location 


About 90% of duodenal ulcers are located in the duodenal bulb 
and the other 10% in the postbulbar duodenum.’ Bulbar ulcers 
may involve the apex, central portion, or base of the bulb. 
Unlike gastric ulcers, which rarely develop on the anterior wall, 
as many as 50% of duodenal ulcers are located on the anterior 
wall of the bulb (the other 50% are on the posterior wall).' 
Postbulbar ulcers tend to be located on the medial wall of the 
proximal descending duodenum above the papilla of Vater 
(see later section, Postbulbar ulcers). 


Morphologic features 
Bulbar ulcers 


Unlike gastric ulcers, duodenal ulcers are virtually always 
benign. They usually appear as discrete niches visualized en 
face or in profile (Fig. 5.1). The ulcers are often surrounded 
by a smooth radiolucent mound of edema and/or straight, 
symmetric folds that radiate directly to the edge of the ulcer 
crater (Fig. 5.2). Small, shallow ulcers may not initially fill 
with barium; the presence of radiating folds should therefore 
prompt a careful search for a subtle ulcer at the site of fold 
convergence before attributing this finding to an ulcer scar. 
As in the stomach, ulcers on the posterior wall of the bulb 
generally fill with barium on routine double contrast radio- 
graphs obtained with the patient in supine or supine oblique 
positions (see Fig. 5.1). In contrast, ulcers on the anterior wall 
may appear as ring shadows due to barium coating the rim of 
the unfilled, non-dependent ulcer craters (see Fig. 5.2A). In 
such cases, prone views with graded compression (using an 


Fig. 5.1 Posterior wall duodenal ulcer. A supine left posterior oblique spot 
image shows an ulcer (arrow) filling with barium on the posterior wall of the 
duodenal bulb. Note mild bulbar deformity due to edema and spasm 
accompanying the ulcer crater. 


inflatable compression balloon to thin out the barium pool) 
should be obtained to demonstrate filling of these anterior wall 
ulcers (see Fig. 5.2B). 

Duodenal ulcers are often associated with considerable 
deformity of the bulb caused by edema and spasm accompany- 
ing the ulcer or by scarring from a previous ulcer. This bulbar 
deformity sometimes obscures the underlying ulcer. Con- 
versely, an ulcer crater may be simulated by trapping of 
barium in portions of the deformed bulb, limiting the accuracy 
of the radiographic study. Nevertheless, symptomatic patients 
with a deformed bulb should probably be treated for an active 
ulcer because of the high risk of ulcer disease whether or not 
an ulcer is demonstrated with certainty. 


Postbulbar ulcers 


Postbulbar ulcers typically appear as discrete ulcer niches on 
the medial wall of the proximal descending duodenum above 
the papilla of Vater (Fig. 5.3).” These ulcers are often associ- 
ated with a large, rounded indentation of the lateral wall due to 
a marked degree of edema and spasm accompanying the ulcer 
craters (see Fig. 5.3).7 In fact, postbulbar ulcers are sometimes 
difficult to diagnose on barium studies because this edema and 
spasm may prevent visualization of the ulcer crater (Fig. 5.4). 
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Fig. 5.3 Postbulbar 
duodenal ulcer. There is 
an ulcer (arrow) on the 
medial wall of the 
proximal descending 
duodenum just above 
the papilla. Also note a 
large indentation of the 
lateral wall due to a 
marked degree of 
edema and spasm 
accompanying this 
postbulbar ulcer crater. 
(Reproduced with 
permission from 
reference 1) 


mow * 


Unlike bulbar ulcers, postbulbar duodenal ulcers are often 
greater than 1cm in size.” Large postbulbar ulcers may be 
associated with proximal and distal narrowing of the descend- 
ing duodenum because of severe inflammation and edema 
adjoining the ulcer craters (Fig. 5.5).’ Because of their size, 
postbulbar ulcers have a higher prevalence of upper gastro- 
intestinal bleeding and a poorer response to medical therapy 
than bulbar ulcers.’ 


Fig. 5.2 Anterior wall duodenal ulcer with 
a ring shadow. A. A supine left posterior 
oblique spot image shows a ring shadow 
(arrow) due to barium coating the rim of a non- 
dependent anterior wall ulcer in the duodenal 
bulb. B. A prone compression view shows the 
anterior wall ulcer (arrow) filling with barium. 
Also note radiating folds and a large 
surrounding mound of edema. 


Fig. 5.4 Postbulbar 
duodenal ulcer with 
marked narrowing 

of the proximal 
descending 
duodenum. There is 
marked narrowing (white 
arrows) of the proximal 
descending duodenum 
just above the papilla 
due to circumferential 
edema and spasm 
caused by a flat 
postbulbar ulcer (black 
arrow) that is barely 
visible on this image. 


Most postbulbar ulcers are located in the proximal des- 
cending duodenum above the papilla of Vater, so the presence 
of one or more ulcers distal to the papilla should raise the 
possibility of Zollinger-Ellison syndrome (Fig. 5.6). Duodenal 
Crohn’s disease may also be manifested by the development of 
ulcers in the bulbar or postbulbar duodenum, but these 
patients may have other findings of Crohn’s disease, such as 
nodular mucosa, thickened folds, or cobblestoning (Fig. 5.7).’ 
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Fig. 5.5 Giant postbulbar duodenal ulcer. A large ulcer (large arrow) is seen 
in the proximal descending duodenum with marked narrowing (small arrows) 
proximal and distal to the ulcer because of severe edema and spasm. 


Fig. 5.6 Multiple postbulbar duodenal ulcers in Zollinger-Ellison 
syndrome. Three discrete ulcers (arrows) are seen in the third portion of the 
duodenum. The presence of multiple ulcers in the distal duodenum should 
suggest Zollinger-Ellison syndrome, as uncomplicated postbulbar ulcers are 
almost always located above the papilla. (Courtesy of Wylie J. Dodds, M.D, 
Milwaukee, WI (deceased)) 


Fig. 5.8 Ring stricture 
in the descending 
duodenum. This patient 
has a short, eccentric 
stricture (arrow) in the 
proximal descending 
duodenum due to 
scarring from a previous 
postbulbar ulcer. An 
annular pancreas could 
produce similar findings 
(see Fig. 5.9). 


Fig. 5.7 Crohn’s disease with a giant postbulbar ulcer. A giant ulcer 
(arrow) is seen in the postbulbar duodenum. Also note course nodularity of the 
mucosa in this patient with duodenal Crohn’s disease. 


Focal scarring and fibrosis associated with healing of 
postbulbar ulcers can eventually lead to the development of a 
short segment of eccentric narrowing (also known as a ring 
stricture) in the proximal descending duodenum (Fig. 5.8).* 
A similar appearance may occasionally be produced by an 
annular pancreas, a congenital anomaly in which a portion of 
the pancreas surrounds and narrows the proximal descending 
duodenum (Fig. 5.9). In contrast, scarring from Crohn’s 
disease is typically characterized by the development of a 
relatively long, smooth, tubular stricture in the descending 
duodenum (Fig. 5.10). 


obstruction, and upper gastrointestinal bleeding.” These giant 
ulcers may replace virtually the entire duodenal bulb, so they 


Giant duodenal ulcers are mistaken for a scarred or even a normal bulb (Fig. 5.11). 


Giant duodenal ulcers (i.e., ulcers greater than 2 cm in size) are 
particularly important because they are associated with a 
higher frequency of complications, including perforation, 


Nevertheless, the duodenal bulb would be expected to change 
in size and shape at fluoroscopy, whereas these giant ulcers will 
have a fixed, unchanging configuration.” 
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Fig. 5.9 Annular 
pancreas involving the 
duodenum. There is a 
short segment of 
eccentric narrowing 
(arrow) with spiculated 
folds in the descending 
duodenum due to 
asymmetric compression 
by an annular pancreas. 
ote the resemblance to 
he ring stricture in Fig. 
5.8. (Reproduced with 
permission from Miller 
FH, Rubesin SE. The 
teaching files 
gastrointestinal. 
Philadelphia: Elsevier, 
2010) 


Fig. 5.11 Giant duodenal ulcer. There is an enormous ulcer crater (arrows) 
replacing almost the entire duodenal bulb. Paradoxically, this ulcer could be 
mistaken for a scarred or even a normal bulb. However, the fixed, unchanging 
size and shape of this collection at fluoroscopy should suggest the correct 
diagnosis. 


Ulcer healing and scarring 


Duodenal ulcers usually heal rapidly on treatment with anti- 
secretory agents. Ulcer healing often leads to the development 
of an ulcer scar, manifested by radiating folds, bulbar deform- 
ity, or both. When radiating folds are present, they almost 
always converge at the site of the previous ulcer. In some cases, 
marked bulbar deformity may cause uninvolved segments of 
the bulb to balloon out between areas of fibrosis as one or 
more pseudodiverticula, producing a classic cloverleaf 
duodenum (Fig. 5.12).’ 


Fig. 5.10 Duodenal 
Crohn’s disease. This 
patient has a long, 
tubular stricture (arrows) 
with an extremely 
smooth contour and 
tapered margins 
extending from the apex 
of the duodenal bulb 
into the distal 
descending duodenum. 
These findings are 
characteristic of 
duodenal scarring from 
Crohn's disease. 


Fig. 5.12 Multiple pseudodiverticula with a cloverleaf duodenum. Marked 
scarring of the duodenal bulb from previous ulcer disease has resulted in the 
development of multiple outpouchings or pseudodiverticula (arrows) between 
areas of retraction, producing a cloverleaf appearance. 


Pyloric channel ulcers 


Pyloric channel ulcers should be treated as gastric ulcers rather 
than as duodenal ulcers in terms of the need for aggressive 
evaluation to rule out an ulcerated carcinoma.’ Ulcers on the 
posterior wall of the pylorus may fill with barium on routine 
double contrast views (Fig. 5.13), whereas ulcers on the anter- 
ior wall may be manifested by ring shadows, filling with 
barium on prone compression views. Pyloric channel ulcers 
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Fig. 5.13 Pyloric channel ulcer. There is a discrete ulcer (arrow) on the 
inferior aspect of the pyloric channel. 


should be differentiated from pseudodiverticula caused by scar- 
ring and deformity of this region from previous peptic ulcer 
disease. Healing of pyloric channel ulcers can lead to narrowing, 
elongation, angulation, or eccentric positioning of the pylorus, 
sometimes associated with varying degrees of gastric outlet 
obstruction.’ 


Duodenitis 


Because duodenitis is often associated with gastric hyperacid- 
ity, some authors believe that it represents part of the spectrum 
of peptic ulcer disease. However, others believe that it is a 
distinct clinical entity separate from peptic ulcer disease. 
Whatever its pathophysiology, duodenitis is felt to be a fre- 
quent cause of dyspepsia, epigastric pain, and other upper 
gastrointestinal symptoms in adults.’ 

Duodenitis may be suggested on barium studies by the 
presence of a spastic, irritable duodenal bulb, thickened folds, 
nodules, or erosions.’ The most common finding is thickened, 
nodular folds in the duodenal bulb and proximal descending 
duodenum (Fig. 5.14), but there is often poor correlation 
between the radiographic, endoscopic, and pathologic find- 
ings, so duodenitis is not felt to be a reliable diagnosis unless 
the folds are markedly thickened.° For reasons that are unclear, 
patients with chronic renal failure who are on dialysis may 
have enlarged duodenal folds to a degree rarely encountered in 
other patients with duodenitis (Fig. 5.15).” 

Duodenitis may also be manifested on double contrast studies 
by mucosal nodularity or diffuse coarsening of the mucosal surface 
of the duodenal bulb with radiolucent areas surrounded by 
barium-filled grooves, resembling the areae gastricae in the stom- 
ach. Duodenal erosions are much less common than gastric 
erosions. When present, erosive duodenitis may be manifested by 
multiple varioliform erosions appearing as central barium collec- 
tions surrounded by radiolucent mounds of edema (Fig. 5.16).°*"° 
Occasionally, duodenal erosions may be simulated by normal 
mucosal pits in the bulb filling with barium, but these mucosal pits 


Fig. 5.14 Duodenitis. 
This patient has 
considerably thickened, 
irregular folds in the 
duodenal bulb and 
proximal descending 
duodenum. 


Fig. 5.15 Duodenitis 
caused by renal failure. 
This patient has markedly 
thickened, nodular 

folds in the proximal 
duodenum. For reasons 
that are unclear, chronic 
renal failure is associated 
with a severe form of 
duodenitis. 


are not surrounded by radiolucent halos (see Fig. 2.25).'" 
A confident diagnosis of erosive duodenitis can therefore be made 
only when true varioliform erosions are detected in the bulb. 

Some patients with celiac disease may have a severe form of 
duodenitis manifested by markedly thickened, nodular folds 
(Fig. 5.17).'? Others may have small, hexagonal filling defects 
in the bulb, producing a distinctive mosaic pattern, also known 
as a bubbly bulb.” Unlike heterotopic mucosa in the bulb, 
which tends to have a juxtapyloric location, these nodules tend 
to be distributed more diffusely throughout the bulb. The 
presence of marked duodenitis or a bubbly bulb on barium 
studies should therefore suggest the possibility of celiac disease 
in patients with malabsorption. 
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Fig. 5.16 Erosive duodenitis. Varioliform erosions (arrows) are seen in the 
duodenal bulb as punctate collections of barium surrounded by radiolucent 
mounds of edema. (Reproduced with permission from Levine MS, Rubesin 
SE, Herlinger H, et al. Double-contrast upper gastrointestinal examinations: 
technique and interpretation. Radiology 1988; 168:593-602) 


Fig. 5.18 Duodenal 
involvement by 
pancreatitis. There is a 
widened duodenal 
sweep with thickened 
duodenal folds and 
flattening/mass effect 
(arrows) along the medial 
border of the descending 
duodenum secondary to 
pancreatitis in the 
adjacent pancreatic head. 


Duodenitis may also be caused by Crohn’s disease, radi- 
ation, 5-FUDR toxicity, and infectious conditions such as tuber- 
culosis, strongyloidiasis, and, in patients with AIDS, 
cytomegalovirus.’ Finally, duodenitis may develop in patients 
with underlying pancreatitis in which there is extension of the 
inflammatory process to the duodenum. In such cases, barium 
studies may reveal thickened, spiculated duodenal folds associ- 
ated with widening of the duodenal sweep and flattening or 
mass effect on the second or third portions of the duodenum 
(Fig. 5.18). When pancreatitis is suspected as the cause of these 
findings, CT should be performed for a more certain diagnosis. 


Benign tumors 
Duodenal polyps 


Duodenal polyps are much less common than gastric polyps. 
When polyps develop in the duodenum, they are usually 


Fig. 5.17 Celiac disease with marked duodenitis. This patient has 
markedly thickened, nodular folds in the descending duodenum due to 
severe duodenitis. Note decreased folds (arrows) in the distal duodenum due 
to underlying celiac disease. 
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Fig. 5.19 Adenomatous polyp in the duodenum. An ovoid, slightly 
lobulated polyp (arrows) is seen in the fourth portion of the 
duodenum near the ligament of Treitz in this patient with a proven 
duodenal adenoma. 


adenomatous (unlike gastric polyps, which are usually hyper- 
plastic). Most duodenal polyps are discovered as incidental 
findings. Duodenal polyps typically appear on barium studies 
as smooth, sessile lesions less than 2cm in size (Fig. 5.19). 
Most polyps occur as solitary lesions, but patients with a poly- 
posis syndrome may have multiple polyps in the duodenum. 


Villous tumors 


The duodenum is the single most common site of extracolonic 
villous tumors in the gastrointestinal tract. These villous aden- 
omas usually appear on double contrast studies as polypoid 
masses that have a reticular or soap bubble appearance due to 
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Fig. 5.20 Duodenal 
villous adenoma. This 
patient has a giant 
polypoid mass (arrows) in 
the distal descending 
duodenum. Note the 
reticulonodular surface of 
the lesion due to barium 
trapping in the interstices 
of the tumor. 


trapping of barium between the frond-like projections of the 
tumor (Fig. 5.20).'° Villous adenomas tend to involve the 
descending duodenum at or near the papilla of Vater. Some 
villous tumors may be quite subtle, so optimal double contrast 
is required to detect these lesions (Fig. 5.21). Villous adenomas 
in the duodenum should be resected because of the high risk of 
malignant degeneration. 


Submucosal masses 


Mesenchymal tumors such as gastrointestinal stromal tumors 
(GISTs), lipomas, hemangiomas, and ectopic pancreatic rests 
may occasionally develop in the duodenum. These intramural 
lesions have characteristic findings, appearing as smooth 
submucosal masses that form right angles or slightly obtuse 
angles with the adjacent gastric wall when viewed in profile and 
as smooth, round, or ovoid lesions when viewed en face 
(Fig. 5.22A).'* Because lipomas have a soft consistency, they 
may change in size and shape at fluoroscopy, suggesting the 
correct diagnosis (Fig. 5.22B).'* A definitive diagnosis of a duo- 
denal lipoma can be made when a fat-density lesion is demon- 
strated on CT (Fig. 5.22C). Submucosal masses in the duodenum 
may undergo ischemic necrosis, resulting in the development of 
a centrally ulcerated bull’s-eye or target lesion. 

Brunner’s gland hamartomas (formally known as 
Brunner’s gland adenomas) may be manifested on barium 
studies by one or more discrete submucosal masses in the 
duodenum.” These benign lesions have no risk of malignant 
degeneration. Other patients with enlarged Brunner’s glands 
may have markedly thickened, irregular folds in the duodenum 
because of associated duodenitis.” Still others may develop a 
diffuse form of Brunner’s gland hyperplasia manifested by 
multiple small, rounded nodules in the duodenal bulb and 


Fig. 5.21 Duodenal 
villous adenoma. This 
patient has a small villous 
tumor (arrows) in the 
descending duodenum 
with trapping of barium 
between its frond-like 
components. Optimal 
double contrast 
technique is required to 
detect this lesion. 


proximal descending duodenum, producing a characteristic 
Swiss cheese appearance.'* The differential diagnosis for the 
diffuse form of Brunner’s gland hyperplasia includes benign 
lymphoid hyperplasia, the various polyposis syndromes, and 
heterotopic gastric mucosa in the duodenum.'® However, 
patients with lymphoid hyperplasia or a polyposis syndrome 
usually have more generalized disease involving the small 
bowel and colon. In contrast, heterotopic gastric mucosa is 
characterized by discrete, angular or polygonal plaques 
that tend to be confined to the base of the duodenal bulb 
(see Fig. 2.26).'° As a result, it is often possible to suggest 
the correct diagnosis on the basis of the radiographic 
findings. 

Gastrointestinal duplication cysts are congenital malforma- 
tions resulting from faulty embryologic budding or defective 
recanalization of the alimentary tube during early fetal life. 
Duplication cysts in the duodenum usually arise from the 
medial aspect of the first or second portions of the duodenum, 
appearing on barium studies as smooth, intramural or extrin- 
sic lesions indenting the medial wall of the descending duode- 
num." Both ultrasound and CT may be helpful in confirming 
the cystic nature of these lesions. The differential diagnosis 
includes other benign mesenchymal tumors such as GISTs and 
extrinsic lesions such as pancreatic pseudocysts or choledochal 
cysts involving the duodenum. 


Duodenal carcinoma 


Duodenal carcinoma is a rare malignant tumor, accounting 
for less than 1% of all gastrointestinal neoplasms. Predispos- 
ing conditions include Gardner’s syndrome and celiac disease. 
The vast majority of duodenal cancers are located in the 
second, third, or fourth portions of the duodenum. These 
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tumors usually appear on barium studies as polypoid, ulcer- 
ated, or annular lesions at or distal to the papilla of Vater 
(Figs. 5.23 and 5.24).”° Although ampullary carcinomas may 
be difficult to distinguish from primary pancreatic carcin- 
omas involving the duodenum, it is important to differentiate 
these tumors because ampullary lesions have a much better 
prognosis. 


Other malignant tumors 


Carcinoma of the pancreatic head may cause widening of the 
duodenal sweep with mass effect and flattening of its inner 
border. Actual invasion of the duodenum may be manifested 
on barium studies by spiculated folds, nodularity, ulceration, 
circumferential narrowing, or, rarely, fistula formation 
(Fig. 5.25). In contrast, duodenal invasion by right-sided 
renal cell carcinoma may be manifested by mass effect, nodu- 
larity, or ulceration of the posterolateral border of the descend- 
ing duodenum.” Hematogenous or blood-borne metastases to 
the duodenum typically appear as multiple submucosal masses 
or centrally ulcerated bull’s-eye lesions.” The differential diag- 
nosis for these lesions includes multifocal non-Hodgkin’s 


Fig. 5.22 Duodenal lipoma. A. A spot image shows a smooth, round 
submucosal-appearing mass (arrows) in the third portion of the duodenum. 
B. Another spot image during duodenal peristalsis shows marked elongation 
and narrowing of the mass (arrows). This dramatic change in the shape and 
size of the lesion should strongly suggest a lipoma. C. An abdominal CT scan 
shows the fat density of the lesion (arrow), confirming that it is a lipoma. 


Fig. 5.23 Duodenal 
carcinoma. A polypoid 
mass (arrows) is present 
in the descending 
duodenum. 
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Fig. 5.24 Duodenal carcinoma. This patient has an annular carcinoma of the 
distal descending duodenum. Note how the lesion causes circumferential 
luminal narrowing with mucosal destruction and shelf-like, overhanging 
proximal and distal margins (arrows). 


Fig. 5.26 Duodenal 
diverticulum. 

A periampullary 
diverticulum (arrows) is 
seen arising from the 
medial border of the 
descending duodenum. 
This is the most common 
location for duodenal 
diverticula. 


lymphoma involving the duodenum and, in patients with 
AIDS, Kaposi’s sarcoma. 

Because of a paucity of lymphoid tissue in the duodenum, 
primary duodenal lymphomas are quite rare. Malignant GISTs 
are also unusual lesions that tend to involve the second or third 
portions of the duodenum. Both lymphoma and malignant 
GISTs may be manifested on barium studies by submucosal 
lesions containing areas of ulceration or cavitation.”' Cavitated 
metastases to the duodenum may produce a similar appearance. 


Duodenal varices 


Duodenal varices are extremely uncommon and occur almost 
exclusively in patients with portal hypertension who also have 
esophageal varices. Barium studies may reveal thickened, 
serpiginous folds in the proximal duodenum,” so it is often 


Fig. 5.25 Pancreatic carcinoma invading the duodenum. Extrinsic mass 
effect and spiculated folds (long arrows) are seen on the superior border of the 
fourth portion of the duodenum due to direct invasion by pancreatic carcinoma. 
Also note a short segment of marked narrowing (short arrows) in the third 
portion of the duodenum due to circumferential encasement by tumor. 


Fig. 5.27 Duodenal diverticulum. A large diverticulum (arrows) is seen 
arising from the superior border of the third portion of the duodenum. Note 
how the diverticulum has a discrete neck. 


difficult to differentiate varices from duodenitis based on the 
radiographic findings. 


Duodenal diverticula 
True diverticula 


Duodenal diverticula are detected as incidental findings on 
barium studies of the upper gastrointestinal tract in up to 15% 
of patients. The diverticula are acquired lesions consisting of a 
mucosal- and submucosal-lined sac herniating through the 
muscular layer of the duodenal wall.” Most duodenal divertic- 
ula arise from the medial border of the descending duodenum 
in the periampullary region (Fig. 5.26), but some may arise 
from the third or fourth portions of the duodenum (Fig. 5.27) 
or even the lateral border of the descending duodenum. 


113 


114 


Section 1: GI Tract 


Fig. 5.28 Duodenal diverticulitis. There is focal extravasation of water-soluble 
contrast material from the inferior border of a periampullary duodenal 
diverticulum into a small, confined extraluminal collection (white arrows) in the 
peripancreatic space. Note mass effect and tethering (small black arrows) of 
the medial border of the distal descending duodenum by the adjacent 
inflammatory process. There is also extrinsic displacement and flattening of a 
second duodenal diverticulum (large black arrow) more proximally. 


Duodenal diverticula usually appear on barium studies as 
smooth, round, or ovoid outpouchings from the medial border 
of the descending duodenum that have a discrete neck. Multi- 
lobulated or even giant duodenal diverticula may occasionally 
be encountered. Most patients with duodenal diverticula are 
asymptomatic, but some may present with signs or symptoms 
of upper gastrointestinal bleeding or even diverticulitis. In rare 
cases of duodenal diverticulitis, studies with water-soluble 
contrast agents may reveal localized extravasation of contrast 
material from the perforated diverticulum into a confined 
extraluminal collection (Fig. 5.28).” 


Pseudodiverticula 


Duodenal pseudodiverticula are exaggerated outpouchings 
from the inferior or superior recesses of the duodenal bulb 
secondary to acute or chronic duodenal ulcer disease (see 
Fig. 5.12). The sacculations may be caused by edema and 
spasm related to an active ulcer or by asymmetric fibrosis 
and retraction associated with scarring from a healed ulcer. 
The pseudodiverticula themselves can usually be differentiated 
from active ulcers by their location as well as their changeable 
appearance at fluoroscopy. 


intraluminal duodenal diverticulum 


An intraluminal duodenal diverticulum develops from a con- 
genital duodenal web that gradually elongates over time as a 


Fig. 5.29 Intraluminal 
duodenal diverticulum 
(windsock diverticulum). 
A thin radiolucent stripe 
(arrows) is seen in the 
distal descending 
duodenum secondary to 
an elongated duodenal 
web bulging into the 
lumen, with trapping of 
barium above the web, 
resulting in the 
development of a so- 
called intraluminal 
duodenal diverticulum. 


result of forward pressure from duodenal peristalsis, producing 
an intraluminal finger-like sac. When this ovoid or oblong sac 
fills with barium, it appears on barium studies as an intralu- 
minal diverticulum (also known as a duodenal windsock because 
of its resemblance to the windsock at small airports) separated 
from barium in the adjacent duodenal lumen by the radiolucent 
web representing the wall of the intraluminal diverticulum (Fig. 
5.29). Affected individuals may present with nausea and 
vomiting caused by duodenal obstruction. The usual treatment 
is surgical repair of the web, but some patients may benefit from 
endoscopic incision of the web, obviating the need for surgery. 


Duodenal webs 


Duodenal webs are thin, membranous or web-like projections 
in the duodenal lumen that cause varying degrees of obstruc- 
tion. Most of these webs arise in the descending duodenum at 
or near the papilla of Vater. The webs usually appear on 
barium studies as thin, radiolucent bands extending trans- 
versely across the lumen, sometimes associated with proximal 
dilatation.’” Over time, a duodenal web may balloon distally 
into the lumen, resulting in the development of an intralu- 
minal duodenal diverticulum (see previous section, Intralum- 
inal duodenal diverticulum, and see Fig. 5.29). Most duodenal 
webs are congenital, but they may also develop as a compli- 
cation of long-term non-steroidal anti-inflammatory drug use. 


Superior mesenteric root syndrome 


Because of its location in the retroperitoneum, the third portion 
of the duodenum may occasionally be compressed between the 
origin of the superior mesenteric root anteriorly and the abdom- 
inal aorta and lumbar spine posteriorly. This phenomenon can 
result in intermittent, variable duodenal obstruction, especially in 
thin patients or in those who are bed-ridden (because the 
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Fig. 5.30 Superior mesenteric root syndrome. There is an extrinsic, 
vertically oriented, band-like indentation (arrows) on the distal duodenum by a 
prominent superior mesenteric root. Also note dilatation of the duodenum 
proximally. This thin, bed-ridden patient presented with nausea and vomiting. 


superior mesenteric root is more likely to compress the duode- 
num in such individuals). In patients with superior mesenteric 
root syndrome, barium studies typically reveal an extrinsic, ver- 
tically oriented, band-like defect in the transverse portion of the 
duodenum overlying the spine, with dilatation of the duodenum 
proximally and slow emptying of barium through the site of 
compression (Fig. 5.30). In some cases, the obstruction may 
be partially relieved by placing the patient in the prone position, 
transiently reducing or eliminating this phenomenon because of 
the effect of gravity (i.e., the superior mesenteric root falls away 
from the duodenum when the patient is prone). 


Widening of duodenal sweep 


Widening of the duodenal sweep is most commonly caused by an 
enlarged pancreatic head associated with pancreatitis, pancreatic 
pseudocysts, and pancreatic carcinoma (see earlier section, Other 
malignant tumors, and see Fig. 5.18). A widened duodenal 
sweep may also result from peripancreatic lymphadenopathy 
due to lymphoma, metastatic disease, and inflammatory condi- 
tions.” In heavy patients, however, it should be recognized that 
the combination of a high transverse stomach and a long vertical 
descending duodenum can create the erroneous impression of a 


Fig. 5.31 
Cholecystoduodenal 
fistula with gallstone 
ileus. The gallbladder 
(white arrow) is seen to 
fill with barium 
secondary to a 
cholecystoduodenal 
fistula. Also note a large 
radiolucent ectopic 
gallstone (black arrow) 
impacted in the jejunum, 
causing small bowel 
obstruction (i.e. a 
gallstone ileus). 


widened duodenal sweep. When this finding is suspected on 
barium studies, CT or other cross-sectional imaging tests should 
be performed for a more certain diagnosis. 


Fistulas 


Fistulas between the gallbladder and duodenum (i.e., cholecyst- 
oduodenal fistulas) are usually caused by acute cholecystitis, 
with a stone eroding through the wall of an inflamed gallbladder 
into the adjacent descending duodenum (Fig. 5.31).’” The stone 
can eventually become lodged in the distal ileum, causing a 
mechanical small bowel obstruction, also known as a gallstone 
ileus. Rarely, a cholecystoduodenal fistula may also be caused by 
a penetrating duodenal ulcer that perforates into the gallblad- 
der.” Whatever the cause, barium studies may reveal filling of 
the fistula, with barium entering the gallbladder and biliary tree. 


Duodenal perforation 


The most frequent cause of pneumoperitoneum in patients 
with peritonitis is a perforated duodenal ulcer. When this 
complication is suspected, a water-soluble contrast study may 
be performed to confirm the presence of a perforation. 
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a and normal anatomy 


Stephen E. Rubesin, MD 


Introduction 


There are many ways to examine the small intestine. The 
multiplicity of available techniques indicates that there are 
limitations in each individual technique. Fluoroscopy is the 
mainstay of any small bowel technique. The radiologist dir- 
ectly follows the head of the contrast column and hence 
understands the motor function and tortuous course of the 
small intestine. As the head of the contrast column is followed, 
the radiologist looks for contour abnormalities and for radio- 
lucent filling defects in the contrast column such as polyps 
(Fig. 6.1). 

The radiologist is constantly present during enteroclysis 
(small bowel enema), visualizing and palpating each loop of 
small intestine. In comparison, a radiologist cannot be at the 
patient’s side during an entire small bowel follow-through 
examination, as the study usually lasts between 30 and 120 
minutes. Even during the best small bowel follow-through, the 
patient is intermittently examined every 15 to 30 minutes. 
A study performed with intermittent palpation cannot guar- 
antee that the radiologist is there at just the right moment to 
visualize proper barium filling, mucosal coating, or luminal 
distention of individual bowel loops. 


Fig. 6.1 Metastatic 
melanoma demon- 
strated on enteroclysis. 
Spot radiograph of two 
proximal ileal loops 
shows multiple submu- 
cosal masses as smooth- 
surfaced, 6-12 mm, 
hemispheric-shaped 
radiolucent filling defects 
(short arrows). A larger 
target-shaped metastasis 
is seen en face as an 
ovoid filling defect 
(arrowhead) with a cen- 
tral barium-filled ulcer 
(thin arrow). 


Examination of the small intestine: techniques 


During a small bowel follow-through, barium emptying 
from the stomach is limited by the pylorus, the gatekeeper of 
the small intestine. The pylorus prevents barium from entering 
the small bowel at a rate high enough to fully distend the small 
intestine. The radiologist, therefore, has little control over the 
degree of small bowel filling and distention. In comparison, 
during enteroclysis, a catheter is placed distal to the pylorus, 
enabling the radiologist to fill the small bowel with enough 
contrast material to obtain adequate luminal distention. Thus, 
enteroclysis is superior to small bowel follow-through in the 
degree of luminal distention that is achieved. Better luminal 
distention enables better visualization of the luminal contour, 
splaying apart the valvulae conniventes and depicting the 
mucosal surface en face. Overdistention of the lumen brings 
out subtle narrowings or obstructing lesions such as adhesions 
that may be difficult to demonstrate during small bowel 
follow-through. 

Evaluation of fold size depends on the degree of luminal 
distention and the phase of barium coating (Fig. 6.2). The 
greater the degree of luminal distention, the thinner the 
folds (see Fig. 6.2). The radiologist best evaluates folds when 
the lumen is optimally distended and the folds lie perpen- 
dicular to the longitudinal axis of the small bowel. During 
enteroclysis, each loop can be fully distended, so that the 
folds of each loop can be adequately evaluated. In compari- 
son, not all loops are fully distended during a small bowel 
follow-through, so this technique is less satisfactory for 
evaluating fold size and focal luminal contour. During a 
small bowel follow-through, folds in underdistended loops 
may have a “feathery appearance” due to fold overlap or are 
not seen at all. Small bowel folds are not necessarily best 
seen when the barium column initially fills a loop of small 
bowel. Some flow of contrast material is needed to wash the 
succus entericus off the folds. On the other hand, long after 
the barium column passes, the folds may also appear falsely 
thickened, as secretions lift barium from the mucosal 
surface. 

The small intestine is a hostile environment for contrast 
agents. Secretions from the stomach, duodenum, pancreas, 
and biliary tree enter the small bowel lumen. Each day, 
about 6 liters of fluid turn over in the small intestine and 
about 1.8 liters of succus entericus reach the cecum. 


117 


118 


Section 1: GI Tract 


E 


Ki 


Enteroclysis accelerates the transit of contrast agents, 
thereby minimizing flocculation and dilution of the barium 
column by luminal fluid and optimizing barium coating of 
the mucosal surface. 

Despite the better luminal distention and visualization of 
folds achieved during enteroclysis, currently we are doing far 
fewer small bowel enemas than small bowel follow-throughs. 
Enteroclysis is a much more invasive study than a small bowel 
follow-through examination. Enteroclysis also requires that 
the radiologist be skilled in duodenal or jejunal intubation. 
Therefore, although this chapter starts with enteroclysis, the 
mainstay of small bowel examination at our hospital is the 
small bowel follow-through. 


Enteroclysis (small bowel enema) 


Preparation for enteroclysis 


The distal ileum (especially the terminal ileum) is often filled 
with fecal debris in patients who have not received a laxative 
preparation. The presence of fecal debris compromises detec- 
tion of ileal polyps and limits evaluation of mucosal detail. 
Furthermore, feces in the terminal ileum and right colon 
retards the passage of barium through the distal ileum.’ There- 
fore, a modified barium enema type preparation is of value for 
patients undergoing enteroclysis. 

At our hospital, a clear, liquid, low-residue diet is given the 
day before the examination combined with four 5 mg bisa- 
codyl tablets the evening before the examination. The bisaco- 
dyl acts as a colonic stimulant that cleanses the right colon. 
A large volume-flushing-type laxative such as magnesium 
citrate or phosphasoda is not used, as would be used for a 
barium enema examination. The patient also is instructed not 
to eat or drink after midnight. 

If possible, the patient should temporarily discontinue 
drugs that diminish small bowel peristalsis the day of the 
examination. In particular, the patient should avoid narcotics 
that limit small bowel peristalsis. 


Fig. 6.2 Small bowel fold size varies 

with degree of luminal distention. A. Spot 
radiograph from enteroclysis demonstrates a well- 
distended mid jejunal loop with normal-sized val- 
vulae conniventes (arrows). B. Spot radiograph 
obtained at the end of the study (note barium in 
transverse colon [T]) demonstrates that the same 
loop is of diminished caliber and the folds appear 
thicker (arrows). 


ies 
a A 
Metoclopramide and anesthesia 


Metoclopramide hydrochloride is administered prior to intub- 
ation. Metoclopramide facilitates passage of the enteroclysis 
catheter by increasing the amplitude of gastric antral contrac- 
tions and relaxing the pyloric sphincter and duodenal bulb. 
Metoclopramide also increases peristalsis in the duodenum 
and jejunum, accelerating transit of barium through the small 
bowel. The patient takes two 10 mg tablets of metoclopramide 
(Sidmak Laboratories, East Hanover, NJ) with a small amount 
of water 30 minutes before the patient is brought into the 
fluoroscopy suite. Some radiologists prefer intravenous 
administration of 10mg metoclopramide (Reglan, AH Rob- 
bins Co, Richmond, VA) immediately before intubation.’ 
Metoclopramide’s action begins 1-3 minutes after intravenous 
injection and 30-60 minutes after oral ingestion. Metoclopra- 
mide is contraindicated in patients with pheochromocytoma 
because this drug may cause a hypertensive crisis. Metoclopra- 
mide is also avoided in epileptics or patients receiving drugs 
that may cause extrapyramidal reactions, as metoclopramide 
increases the frequency and severity of seizures or extrapyr- 
amidal reactions in these individuals. 

Nasogastric or orogastric intubation is uncomfortable for 
many patients. Some radiologists, therefore, use conscious 
sedation for enteroclysis.> For example, a combination of 
fentanyl (fentanyl citrate, Abbott Laboratories, North Chicago, 
IL) for analgesia and Versed (midazolam, Roche Laboratories) 
for amnesic effect can be utilized.” The referring physician can 
prescribe diazepam (Valium) as an alternative.* The conscious 
sedation policies of each institution must be followed, includ- 
ing those related to admission, monitoring during and after 
the procedure, and discharge. 


Intubation technique 


The enteroclysis catheter is inserted via a nasal or oral route. 
The advantage of the nasal route is that patients gag less fre- 
quently because there is less contact with the base of the tongue 
and posterior pharyngeal wall. However, nasal intubation can 
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Fig. 6.3 Enteroclysis catheter in gastric fundus. A. The natural course of the enteroclysis catheter is to hit the greater curvature, often curving superiorly 
toward the gastric fundus. Note that the tip of the guide wire (arrow) is not at the tip of the catheter. B. The catheter has been retracted toward the cardia, with guide 
wire advanced to the catheter's tip. C. The guide wire is torqued at its hub, turning the catheter’s tip along the lesser curvature toward the gastric antrum. 


cause discomfort and bleeding during passage of the catheter 
through the region of the nasal turbinates. It is also more 
traumatic for the patient if the catheter is manipulated when it 
is in the patient’s nose, than when the catheter is in the patient’s 
mouth. In contrast, the oral route causes more gagging. 

Prior to intubation, the patient swallows about 20 ml of 
barium designed for enteroclysis (currently, Entero-H or 
Liquid Polybar diluted to 40% w/v) to outline the distal gastric 
antrum, pylorus, and duodenal bulb. Barium coating of this 
region serves as a roadmap to facilitate passage of the enter- 
oclysis catheter through the pylorus. 

Several different catheters have been designed for entero- 
clysis. These catheters have a diameter of approximately 12 
French and a balloon near their tips. The balloon is inflated to 
minimize reflux of the contrast agents into the stomach. Each 
catheter has a guidewire that allows some component of torque 
to direct the catheter in the desired direction. Some catheters 
and guidewires should be lubricated with a food-grade silicone 
spray prior to guidewire insertion. 

During nasal intubation, lidocaine jelly is used to lubricate 
the nares and the outside of the catheter. The radiologist asks 
the patient to close each nostril and sniff. The radiologist then 
chooses to intubate the nostril that is less obstructed. 

During oral intubation, the base of the tongue and poster- 
ior pharyngeal wall are anesthetized with an anesthetic spray 
such as Hurricane, a 20% benzocaine spray. The patient holds 
his or her breath while being sprayed, swallows, and then 
exhales. This sequence is used to prevent inspiration of the 
anesthetic spray into the larynx, as anesthetic contact with the 
vocal cords and proximal trachea can induce coughing. 

During the oral or nasal and esophageal phase of intub- 
ation, the guide wire is retracted and the soft tip of the catheter 
is placed in the mouth or nose. The patient tilts his or her chin 
inferiorly, as the radiologist passes the catheter into the throat. 
This chin tuck maneuver helps open the pharyngoesophageal 
segment. The patient is instructed to swallow, and the radiolo- 
gist advances the catheter through the pharyngoesophageal 


segment. If the catheter coils in the patient’s mouth or resist- 
ance to passage is felt, it usually means that the tip of the 
catheter is not progressing antegradely. 

If resistance is encountered, the radiologist stops passing 
the catheter. The patient is then instructed to speak. If the 
patient is unable to speak or sounds hoarse, the catheter is 
probably lodged behind the epiglottis, in the larynx, or in the 
trachea and must be retracted. If there is any resistance or any 
question as to the location of the catheter, the patient is turned 
into a lateral position and examined under fluoroscopy, 
checking the position of the catheter in relationship to the 
epiglottis or trachea. The catheter can then be advanced under 
fluoroscopic monitoring, with the patient in a lateral position. 
If there is any question of an obstruction (e.g., a prominent 
cricopharyngeus or a Zenker’s diverticulum), the patient 
should swallow a small amount of barium and be examined 
fluoroscopically while in a lateral or steep oblique position. 

Once the catheter reaches the midesophagus, fluoroscopy 
should commence. The position of the catheter in relationship 
to the tracheobronchial tree is rechecked. If the catheter coils 
in the esophagus or at the esophagogastric junction, the cath- 
eter is pushed into the stomach and uncoiled by withdrawing 
the catheter over the guidewire. If the catheter cannot enter the 
stomach when coiled in the esophagus, it will have to be 
removed and reinserted. Forward progression of the catheter 
may be difficult in patients with large hiatal hernias. Placing a 
patient in the erect position may reduce the size of the hiatal 
hernia, facilitating passage of the catheter. 

Once the catheter enters the stomach, it often courses to 
the left toward the greater curvature, then heads retrogradely 
toward the fundus (Fig. 6.3A). Tips for passing the catheter 
through the stomach include: (1) torquing the catheter using 
the guidewire tip (see Figs 6.3B and C); (2) changing the 
configuration of the stomach by compressing with a gloved 
hand or distending the stomach with gas; (3) changing the 
patient’s position on the fluoroscopic table to an oblique, right 
lateral, or erect position; (4) withdrawing the guide wire from 
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Fig. 6.4 The guide wire 
tip (arrow) is pointed at 
the pylorus and the 
catheter has been 
advanced over the wire 
into the pylorus. 


Fig. 6.6 Catheter tip in 
medially rotated post- 
bulbar duodenum. The 
duodenal bulb is usually 
posterior and to the right 
of the pylorus. In this 
patient, no oral barium 
was given to help the 
radiologist understand 
the anatomy. 

The location of the duo- 
denal bulb to the left and 
posteriorly made it more 
difficult to guide the 
catheter into the medially 
rotated duodenum. 


the tip of the catheter to “soften” or redirect its tip; and (5) 
looping the catheter. To manipulate the catheter toward the 
antrum, the patient is turned into a right side down decubitus 
position (right lateral position), the catheter is withdrawn to 
the gastric cardia, then the catheter is torqued to the right and 
passed along the lesser curvature. Alternatively, the patient can 
be placed in a semi-erect or erect position to advance the 
catheter into the gastric antrum. In some patients, the wire 
can be retracted, and the soft tip of the catheter can catch on 
the greater curvature, allowing the catheter to pass along the 
greater curvature into the antrum. 

Various configurations of the stomach can make passage of 
the catheter difficult. The enteroclysis catheter may be trapped 
in the gastric fundus in patients with a “cascade stomach,” in 
which the gastric fundus lies below the upper gastric body. 
This problem may be overcome by insufflating room air 
through the enteroclysis catheter to distend the stomach or 
by turning the patient into a right side down, erect, or erect 
lateral position. Patients with a transversely oriented stomach 
are also difficult to intubate, as the catheter tip may catch 
on the greater curvature and head in a retrograde direction 
into the gastric fundus. Some radiologists will loop the catheter 
in the gastric fundus in patients with a transversely oriented 
stomach;* other radiologists will compress the stomach with a 
gloved hand or place the patient in an erect position. We have 


Fig. 6.5 Catheter 
directed toward 
pylorus by manual 
compression. Several 
ingers of the examiner's 
gloved hand (G) are vis- 
ible pushing the greater 
curvature superiorly and 
oward the patient's left, 
straightening the greater 
curvature so the catheter 
enters the pylorus. The 
ip of the guide wire 
(arrow) has been left 
along the greater 
curvature. 


problems whenever the catheter is looped in the gastric fundus, 
as it is difficult to control the direction of the catheter tip and 
advance the catheter distal to the loop. 

Catheter passage is made easier by knowing the location 
of the pylorus and duodenal bulb from the initial test swal- 
low of barium or from air insufflated into the stomach. In 
some patients, it is difficult to pass the catheter through the 
pylorus into the duodenal bulb. If the catheter follows the 
greater curvature of the stomach just proximal to the pyl- 
orus, the tube may not be directed toward the pylorus. The 
guide wire, therefore, should be retracted from the tip of the 
catheter so that the tip heads toward the pylorus (Fig. 6.4). 
Catheter passage through the pylorus is facilitated by turning 
the patient into either a right side down or left posterior 
oblique position. With the patient in the left posterior 
oblique position, the radiologist places his or her right hand 
on the stomach, with the thumb heading toward the pylorus 
and fingers along the greater curvature. The radiologist 
pushes the stomach to the left, straightening the relationship 
between the stomach and duodenal bulb (Fig. 6.5). Tube 
passage through the flexure at the apex of the duodenal 
bulb/postbulbar duodenum is also facilitated by placing the 
patient in a left posterior oblique position, straightening the 
postbulbar duodenum. In some patients, the duodenal bulb 
is rotated medially (Fig. 6.6), making catheter passage con- 
fusing. If the small amount of barium has been administered 
orally before the examination, the location of the duodenum 
is apparent. 

The tip of the catheter may be left in the second portion of 
the duodenum if single contrast or air contrast enteroclysis (or 
CT or MR enteroclysis) is performed. If methylcellulose en- 
teroclysis is performed the catheter should be passed into the 
first loop of jejunum, at least 10 cm beyond the duodenojeju- 
nal junction. In partially obstructed patients, the catheter 
should also be passed to the first loop of the jejunum. 

Once the catheter is placed beyond the apex of the duo- 
denal bulb, the guide wire is left either at the pylorus or at least 
one duodenal flexure proximal to the catheter’s tip (Fig. 6.7). 
If the catheter loops in the duodenum, the loop can be 
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Fig. 6.7 The catheter tip 
is in the third portion of 
the duodenum. The 
guide wire tip (arrow) has 
been left at the pylorus. If 
the guide wire is in too 
many loops, catheter 
passage is more difficult. 


Fig. 6.9 The distended balloon (thick arrow) of the enteroclysis catheter is 
seen as a 2cm smooth radiolucent filling defect. Peristalsis has pulled the tip 
of the catheter into the second loop of the jejunum, foreshortening the 
jejunum. This “accordion effect” is manifested as focal angulation of the 
jejunum proximal to the balloon, and crowding of its folds (thin arrows). 


straightened by slowly retracting the catheter over the guide 
wire. The duodenojejunal junction is often a site of difficult 
tube passage, because the normal duodenojejunal junction 
often makes an abrupt bend anteriorly and to the left as it 
enters the peritoneal cavity. Turning the patient to the left and 
toward a prone position (left anterior oblique with respect to 
the table) opens the duodenojejunal junction. Patient coughing 
or deep breathing may also help the catheter pass the duo- 
denojejunal junction. Once the catheter is past the duodeno- 
jejunal junction (Fig. 6.8), the balloon is distended with 20 ml 
of air. If the patient senses any discomfort during distention of 
the balloon, the balloon is deflated until the discomfort sub- 
sides. In some patients, the small bowel shortens around the 
catheter or balloon tip, resulting in an appearance resembling 
an accordion (Fig. 6.9). There is one report of duodenal per- 
foration during catheter passage.” 


Methods of contrast infusion 

An electric pump (a mini dialysis pump, RS-7800 Minipump, 
Renal Systems, Minneapolis, MN) is the preferred instrument 
for infusing large volumes of contrast materials at a 


Fig. 6.8 The tip of the 
catheter has been 
advanced into the first loop 
of the jejunum. (The 
enteroclysis catheter used 
in Figs. 6.3-6.8 does not 
have a balloon at its tip.) 


controllable rate.°” If an electric pump is not feasible, a mech- 
anical hand pump or syringes may be used. For double con- 
trast enteroclysis using Entero-H and methylcellulose, we 
employ 60 ml “Luer-lock” syringes to inject the barium, then 
infuse methylcellulose with the electric pump. Other radiolo- 
gists use the electric pump to infuse both barium and methyl- 
cellulose. The infusion pump enables the radiologist to control 
the flow rate. If the infusion rate is too slow, the lumen is 
poorly distended. Conversely, if the infusion rate is too fast, 
the proximal jejunum overdistends, resulting in small bowel 
hypotonia. The radiologist, therefore, must evaluate the 
response of the small bowel to the rate of contrast infusion 
and adjust the flow rate accordingly. Flow rates may vary from 
50 to 150 ml/minute. We usually start with a flow rate of 
approximately 80 ml/minute. If air contrast enteroclysis is 
performed, room air may be insufflated by hand pump; CO, 
may be injected via a pump used for CT colonography. 


Types of enteroclysis 


Once the patient is intubated, both the patient and radiologist 
breathe a sigh of relief, and the examination may commence. 
Each type of enteroclysis has advantages and disadvantages 
that are discussed below. 


Single contrast enteroclysis 


Single contrast enteroclysis usually employs a low-density 
(28-42% w/v) barium (Fig. 6.10).*° In rare instances of 
suspected small intestinal perforation, water-soluble contrast 
agents such as meglumine diatrizoate/diatrizoate sodium can 
be used for single contrast enteroclysis. After passage of the 
enteroclysis catheter into the proximal duodenum, between 
600 and 1200 ml of low-density barium are instilled into the 
duodenum at a rate of about 75 ml/minute. 

Single contrast studies are easier to perform, as only one 
contrast agent is employed. Reflux of barium alone into the 
proximal duodenum and stomach rarely induces vomiting. 
The disadvantage of single contrast enteroclysis is that evalu- 
ation of the mucosal surface en face relies on compression and 
analysis of fold patterns, which is clearly inferior to double 
contrast visualization of the mucosa. Furthermore, lesions may 
be missed in overlapping bowel loops deep in the pelvis. 
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Fig. 6.11 Air contrast enteroclysis demonstrating villous pattern. The villi of 
the jejunum are just at the limits of radiographic resolution. The villi are seen en 
face as tiny barium-coated nodules on the surfaces of the valvulae conniventes 
(arrows) and as a barely perceptible reticular pattern (arrowhead). 


Air contrast enteroclysis 


Air contrast enteroclysis is a standard method used in Japan 
and has become a favorite method of some radiologists.”'°" 
Once the proximal duodenum has been intubated, between 
300 and 600ml of barium varying from 40 to 80% w/v is 
injected via syringe, gravity, or minipump. The barium is 
infused at a rate so peristalsis is preserved in the jejunum 
and uniform distention of proximal and mid small bowel is 
achieved. Room air or carbon dioxide injection commences 
when pelvic small bowel is partially filled with barium? or 
when barium reaches the terminal ileum.'' We administer 
1 mg glucagon intravenously once barium reaches the terminal 
ileum in order to allow uniform distention of bowel and make 
the examination more comfortable. 


Fig. 6.10 Single contrast enteroclysis. A. Low- 
magnification overhead from a single contrast 
enteroclysis. Barium is passing into the pelvic ileum. 
B. Higher magnification spot radiograph demon- 
strates that the tip of the catheter and balloon (B) 
were placed in the fourth portion of the duode- 
num. The first loop of the jejunum (J) is rotated to 
the right. 
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Fig. 6.12 Barium pools obscure mucosal detail during air contrast 
enteroclysis. The jejunal anatomy is well shown in air contrast 
(arrowheads). However, in other loops, en face detail is obscured in part or 
completely by dense barium pools (B). 


This technique achieves the best mucosal detail of any form 
of enteroclysis (Fig. 6.11), but only in those loops visualized in 
air contrast. Not all loops are visualized in air contrast, even 
when the patient is turned in various positions and compres- 
sion radiographs are obtained (Fig. 6.12). It is more difficult to 
manipulate the barium pool during air contrast enteroclysis 
than during a double contrast barium enema or upper gastro- 
intestinal series, and some loops of small bowel are continually 
filled with barium (see Fig. 6.12). The radiologist must be 
patient and persistent to achieve air contrast in the distal ileum 
(Fig. 6.13). Overlap of barium-filled loops with air-filled loops 
is another problem, in particular when too much barium has 
been infused (Fig. 6.14). Injection of a large volume of gas into 
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Fig. 6.14 Air contrast enteroclysis with overlapping, barium-filled 
ileal loops. There is so much barium in the pelvic ileum (I) that it may be 
difficult to see all loops in air contrast. 


the intestine is very uncomfortable, even more uncomfortable 
than methylcellulose enteroclysis. Patient sedation therefore is 
strongly recommended by some authors.” 

Air contrast enteroclysis may be chosen when the sus- 
pected small intestinal disease involves the mucosa and long 
segments of bowel, for example Crohn’s disease or conditions 
causing malabsorption. This technique is not as effective as a 
methylcellulose enteroclysis when adhesions or short small 
bowel lesions are suspected. 


Methylcellulose enteroclysis 


Enteroclysis with methylcellulose (Fig. 6.15) has been used 
since the 1970s. The methylcellulose propels a relatively 
small volume of barium through the small bowel, so that the 
barium coats the mucosa and the methylcellulose distends the 
bowel lumen. Full luminal distention straightens the valvulae 
conniventes, enabling superior assessment of fold size and 
increases conspicuity of low-grade or partially obstructing 
lesions. The use of methylcellulose also results in excellent 


Fig. 6.13 Achieving air contrast in the dis- 
tal ileum. A. Barium has just reached the 
cecum (C). The distal ileal loops are filled with 
barium. B. With continuing injection of air and 
patience, air contrast is obtained in the distal 
ileal loops. Note that some loops still have a 
moderate amount of barium, obscuring detail. 
Turning the patient prone and using compres- 
sion will improve pelvic loop visualization. 


visualization of fold size and mucosal detail in the jejunum 
(Fig. 6.16). Visualization of mucosal detail in the ileum is more 
variable, depending on how much the barium diffuses into the 
methylcellulose. In some patients, double contrast is achieved 
throughout the small bowel. In other patients, the barium and 
methylcellulose mix to such a degree that only a single contrast 
examination of the distal ileum is obtained. Thus, an air 
contrast enteroclysis, per-oral pneumocolon, or double con- 
trast barium enema with reflux of barium into the terminal 
ileum are more reliable studies for a detailed evaluation of the 
distal ileal mucosa. The double contrast (transradiant) effect of 
the methylcellulose technique also enables the radiologist to 
see through overlapping loops to a degree better than single 
contrast or air contrast enteroclysis. The transradiancy or “see- 
through effect” (see Fig. 6.16) is only a minor advantage, 
however, if the radiologist uses other techniques such as com- 
pression to separate overlapping bowel loops. 

The methylcellulose technique has several disadvantages. 
Methylcellulose is a thick, sticky substance that may require 
dilution in the radiologist’s barium kitchen. Methylcellulose is 
messy to infuse unless the radiologist has an electric pump. If a 
large volume of methylcellulose refluxes back into the stom- 
ach, the patient may develop vomiting, even “projectile 
vomiting.” Once methylcellulose reaches the colon, a rapidly 
developing, uncontrollable diarrhea may also ensue. Therefore, 
if the patient has an extreme urge to defecate, a barium enema 
tip may be inserted into the rectum, allowing continuous 
contrast/methylcellulose drainage from the rectum. 

Between 200 and 300 ml 80% w/v barium (Entero-H) are 
infused, depending on the size of the patient and the perceived 
length and diameter of the small intestine. If increased fluid is 
present in the small intestinal lumen in a patient with obstruc- 
tion or a diarrheal or malabsorptive state, up to 350 ml of 
Entero-H may be required. 

Between 700 and 2000 ml of a 0.5% methylcellulose solu- 
tion are infused into the jejunum. The optimal rate of infusion 
depends on how fast the barium column progresses through 
the small intestine and how much the lumen is dilating. 
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Fig. 6.15 Overhead image from methylcellulose enteroclysis. Mucosal 
coating at methylcellulose enteroclysis is not quite as good as with air 
contrast enteroclysis, but visualization of the anatomy of overlapping loops 
(arrowheads) is often better due to the “transradiancy effect.” Barium has 
reached the cecum (C) and transverse colon (T). 


In general, the faster the barium column is moving, the greater 
the rate of methylcellulose injection. The radiologist should 
avoid overdistending the jejunum, however, as rapid jejunal 
distention induces small bowel hypotonia. Conversely, too 
slow an infusion rate leads to jejunal underdistention and poor 
separation of valvulae conniventes. Thus, the rate of methyl- 
cellulose infusion is monitored and tailored on the basis of the 
fluoroscopic findings. Methylcellulose infusion rates may vary 
from 50 to 150 ml/minute, with usual infusions rates of 
80-120 ml/minute. Once methylcellulose infusion commences, 
the radiologist monitors progression of the barium column 
through the ileum and the development of a double contrast 
effect more proximally. Compression of methylcellulose-filled 
bowel loops is limited to prevent diffusion of the barium into 
the methylcellulose column. 

Spot radiographs are obtained in both the single contrast 
and double contrast phases. The single contrast phase is not 
ignored, as evaluation of barium-filled bowel loops may be 
helpful for identifying polypoid lesions as radiolucent filling 
defects in the barium column. Images of the first jejunal loops 
and pelvic ileum should be obtained routinely during the 
single contrast phase, as these areas may be overdiluted with 
methylcellulose later in the examination. Compression is 
applied gradually as spot radiographs are obtained to limit 
mixing of barium and methylcellulose. In general, the jejunum 
is best seen with the patient in a right posterior oblique 
position with respect to the fluoroscopic table top. The ileum 
is usually best seen with the patient in a supine or left posterior 
oblique position. In some cases, pelvic ileal loops are best 
visualized with the patient in a prone position while 
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Fig. 6.16 Spot radiograph of the mid jejunum from methylcellulose 
enteroclysis. Normal valvulae conniventes are perpendicular or slightly 
angulated to the longitudinal axis of the small bowel. A fold on the inferior 
wall is partly in the shallow barium pool and is manifested as a radiolucent 
filling defect (arrowhead). A fold on the anterior wall is coated by barium 
and is manifested as two parallel bariurn-coated lines (arrow). 


compression is applied with a balloon paddle. The relationship 
of small intestinal loops to the anterior abdominal wall is 
studied by turning the patient into a lateral position. 
A lateral position may also be helpful for visualization of loops 
deep in the pelvis. 

If there is relatively poor visualization of pelvic ileal loops 
due to rapid transit of barium and luminal underdistention, 
1 mg of glucagon can be injected intravenously over a 30-60 
second period once barium and methylcellulose reach the ter- 
minal ileum. The glucagon relaxes the small intestine, improv- 
ing luminal distention and the quality of pelvic ileal images. 

In patients with malabsorption or gastrointestinal bleeding, 
the radiologist should image the duodenum and duodenojejunal 
junction at the end of the examination. The balloon of the 
enteroclysis catheter is deflated and the enteroclysis catheter is 
slowly pulled back into the duodenum. If the catheter is retracted 
too quickly, it may pop back into the stomach. When the catheter 
reaches the third portion of the duodenum, the balloon is re- 
inflated with 3-5 ml of room air. The catheter is then pulled back 
to the duodenal bulb. At this point, the duodenum is studied 
using single or air contrast technique. Once the duodenum is 
imaged, the balloon is deflated and the catheter is quickly 
removed. If there is no clinical reason to image the duodenum, 
we rush the patient to the bathroom before the methylcellulose 
“effect” takes hold and the patient has diarrhea. 


Enteroclysis variants 
Jejunostomy tube enema 


The small intestine may be studied via a jejunostomy tube. 
This type of examination is usually performed to evaluate a 
poorly functioning jejunostomy tube, to check for a leak, or to 
exclude small bowel obstruction by adhesions or intussuscep- 
tion related to the jejunostomy tube. The tip of the 
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jejunostomy tube is normally distal to the site where the tube 
enters the small intestine. Therefore, if an obstruction or leak 
is suspected at the entry site of the jejunostomy tube, a single 
contrast upper GI is first performed (Fig. 6.17). Once the tube 
entry site is demonstrated, the jejunostomy tube is injected 
with water-soluble contrast if a leak is suspected and barium if 
obstruction is suspected. Early images should be obtained if a 
leak is suspected (Fig. 6.18). If an obstruction is suspected in 
the distal small bowel, barium is injected until the cecum is 
visualized. 


Hypotonic duodenogram 


If a detailed examination of the duodenum or proximal 
jejunum is indicated, then a hypotonic duodenogram is the 
procedure of choice. This study is requested primarily when a 
gastroenterologist or surgeon has a specific question regarding 
the anatomy and pathology of the postbulbar duodenum or 
the first two loops of the jejunum. An enteroclysis catheter is 
passed into the proximal duodenum. Between 60 and 150 ml of 
medium- or high-density barium is injected via the catheter. 
One milligram of glucagon is then administered intravenously 
to achieve duodenal hypotonia. The patient is turned 360° 
once or twice to coat the duodenum and proximal jejunum. 
Room air is then insufflated through the enteroclysis catheter 


Fig. 6.17 Jejunostomy tube enema poorly 
depicts obstruction at J-tube entry site resulting in 
bezoar formation. A. Injection of the jejunostomy 
tube. The tip of the jejunostomy tube (thin arrow) is 
distal to the J-tube entry site (arrowhead). Reflux of 
barium retrogradely from the tip shows a shelflike 
cut-off at the J-tube entry site. B. Small bowel follow- 
through shows partial obstruction at J-tube entry 
site. The next day, the patient drinks thin barium. 

The tip of the jejunostomy tube is identified (long 
arrow). The loop (arrowhead) just proximal to the 
J-tube entry site is dilated and filled with a large radi- 
olucent filling defect (short arrows) coated by flecks 
of barium. This proved to be a bezoar. This case illus- 
trates that if contrast from a jejunostomy tube injection 
does not reflux retrogradely to completely image the 
entry site of the jejunal tube, a contrast study from 
above should be performed, either via a tube placed in 
the stomach or by swallowing. 


Fig. 6.18 The value of early images when 
demonstrating a leak. A. Spot radiograph 
obtained just after several milliliters of water-soluble 
contrast are injected into the jejunal tube. The tip of 
the tube (arrowhead) is not filled with contrast. 
Wisps of contrast (arrows) coat mesenteric fat. The 
jejunum is not filled. B. Injection of another 10 ml of 
water-soluble contrast shows that some contrast 
enters the jejunum via the tip of the tube. More 
contrast outlines mesenteric fat (arrows). Thus, the 
leak occurs proximal to the J-tube tip, presumptively 
as the J-tube enters the wall of the small intestine. 
The folds of the small intestine are thickened 
(arrowheads). Thick folds near a jejunostomy tube 
can be attributed to lack of washing of the succus 
entericus off the folds, a reaction to J-tube feeding 
solutions, or to ischemia. In this patient, at surgery, 
the jejunum was found to be mildly ischemic. 


to distend the lumen. Radiographs are obtained in various 
positions (Fig. 6.19), including the prone position. 


Enteroclysis via a decompression tube 


Enteroclysis can be performed via a tube that has already been 
placed in the small intestine for decompression of small bowel 
obstruction, including a Cantor tube or a Miller-Abbott tube. 
Enteroclysis can also be performed after the radiologist has 
inserted a specialized enteroclysis catheter designed for decom- 
pression. A varying degree of barium designed for the small 
intestine (about 28-42% w/v) is injected through the decom- 
pression tube until the site of obstruction is reached. If there is 
still a large amount of fluid in the small intestine, the barium may 
become too diluted. If barium dilution is a problem, full-strength 
Entero-H (80% w/v) can be administered. If the barium column 
is too dense, air or methylcellulose can be injected. 


Small bowel follow-through 


A small bowel follow-through is a single contrast examination of 
the esophagus, stomach, and small intestine, obtained by having 
the patient drink a large quantity (500-1000 ml) of low-density 
barium (28-42% w/v) designed for the small intestine. The only 
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Fig. 6.19 Hypotonic duodenogram. This patient had one polyp noted in 
the duodenum on endoscopy. The gastroenterologist requested a detailed 
study of the duodenum. A hypotonic duodenogram demonstrates two 
polyps in the duodenum. A 1.5 cm polyp is etched in white (thin arrows) in the 
second portion of the duodenum. A 2cm polyp is seen as a ring shadow (thick 
arrow) in the proximal fourth portion of the duodenum. A barium pool in the 
center of this polyp probably represents barium trapped between the polyp 
and non-dependent wall related to compression. Several nodular folds are 
seen proximally. The proximal polyp was an adenocarcinoma; the distal polyp 
was a hemangioma. (Reproduced with permission from Rubesin SE. Small 
bowel tumors. Contemporary Diagn Radiol 2004; 27:1-6, Fig. 1.) 


preparation for small bowel follow-through is that the patient 
should avoid eating or drinking after 9-12 pm, the day before the 
examination. If a per-oral pneumocolon is to be performed in 
addition to the follow-through, a barium enema preparation 
should be administered to cleanse the terminal ileum and colon. 

A brief single contrast upper gastrointestinal series is performed 
first because certain diseases of the small intestine (e.g., Crohn’s 
disease, scleroderma) involve the upper gastrointestinal tract 
(Fig. 6.20). Furthermore, some diseases, in particular gastroesopha- 
geal reflux disease, are so common that they may be incidentally 
detected during the upper GI portion of the study. After the single 
contrast upper gastrointestinal series is performed and the small 
intestine is imaged to the duodenal-jejunal junction, the patient 
leaves the fluoroscopy suite. The patient then sips 1-2 additional 
cups of low-density barium. The patient returns to the fluoroscopy 
suite every 15-30 minutes, depending on the perceived speed of 
transit of barium through the stomach and duodenum. 

A small bowel follow-through relies heavily on frequent 
fluoroscopy, fluoroscopic diagnosis, and spot radiographs 
(Fig. 6.21). It does not rely on overhead images, and such radio- 
graphs are not obtained in most patients. If a “big picture” of the 
small bowel is required, a digital spot radiograph is obtained at 
the lowest magnification factor of the fluoroscope (see Fig. 6.21). 
The goal of the radiologist is to palpate each loop of small 
intestine while it is fully distended with barium. Compression 
of the abdomen improves luminal distention, straightens folds, 
and diminishes the density of the barium column. Images 


Fig. 6.20 Benign gas- 
tric ulcer in patient 
with Crohn’s disease 
and diffuse abdominal 
pain. Spot radiograph 
obtained with the patient 
in an upright position 
shows a 2 cm ovoid 
barium collection (arrow) 
with smooth folds radiat- 
ing to its margin. The 
distal gastric antrum is 
deformed (arrowhead) 
from chronic scarring 
due to Crohn's disease. 
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obtained with compression demonstrate subtle abnormalities 
(Fig. 6.22). Since the proximal jejunum is optimally distended 
at a different time than the mid ileum or terminal ileum, the 
patient must be examined fluoroscopically at least several times. 

The radiologist evaluates the luminal contour and valvulae 
conniventes and looks for filling defects in the barium column 
(see Fig. 6.22). Pliability and fixation of loops are also assessed at 
fluoroscopy. In general, jejunal loops are best seen with the patient 
in a right posterior oblique position, and right upper quadrant 
loops are best seen with the patient in a left posterior oblique 
position. The patient is always imaged in a lateral position, in 
order to detect anterior abdominal wall hernias and adhesions 
between the anterior abdominal wall and small intestinal loops. 

Small bowel loops in the pelvis are often best seen with the 
patient in a prone position, using a balloon compression 
paddle to push ileal loops out of the pelvis and splay the loops 
apart. The terminal ileum is often best seen during balloon 
compression with the patient in a prone or prone oblique 
position (Fig. 6.23). Delayed imaging may be necessary to 
optimally fill ileal loops (Fig. 6.24). 

The many variations of the small bowel follow-through 
that have been described reflect the inadequacies of the study. 
Some radiologists prefer to accelerate the examination by 
using metoclopramide, 20mg orally (two 10mg tablets) 
20-30 minutes before the examination or intravenously 
(10 mg IV) at the start or during the examination. Although 
metoclopramide speeds gastric emptying and small bowel 
transit, it also increases resting muscle tone, resulting in 
incomplete distention of small bowel loops.'* The end result 
is a faster, but inferior examination. 

Some radiologists administer effervescent agent granules to 
the patient in order to obtain double contrast images of the 
small intestine and to shorten the study. Two or three packets 
of effervescent agent are given sequentially, generating 600- 
900 ml of carbon dioxide in the stomach. The patient is placed 
on his or her left side down to direct the gas into the duode- 
num. Adequate double contrast views are obtained in about 
40% of patients and not in all small bowel loops.'* This can be 
an uncomfortable examination due to overdistention of the 
stomach by carbon dioxide. The presence of large volumes of 
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Fig. 6.21 Radiation enteropathy with stricture formation better shown with spot radiograph than overhead image. The patient had a history of 
radiation therapy for cervical carcinoma. A. Low-magnification image obtained with patient in a supine position shows an upper pelvic ileal loop with mildly 
thickened, straight folds (arrow). The deep ileal loops are seen only in overlap. B. Spot radiograph obtained at a higher magnification and with compression and 
the patient in a prone position. A mildly dilated loop of ileum has enlarged, smooth, straight folds (long arrow). The most caudad loops of ileum (arrowheads) 
are narrowed, have lost their valvulae conniventes, and are angulated due to serosal adhesions. Fine granularity of the mucosa is seen in several regions, 
indicating villous enlargement. Several areas of true stricture formation are seen (short arrow). 


carbon dioxide in the small intestine can also induce cramps. 
In most cases, the small bowel is less well distended than 
during enteroclysis and only about one-third to one-half of 
small bowel loops are visualized in air contrast. 

Some radiologists combine a double contrast upper gastro- 
intestinal series with a small bowel follow-through. We dis- 
courage the use of this approach. The high-density barium 
(250% w/v) used during a double contrast upper GI series is 
not designed for the small bowel. This dense barium often 
prevents adequate visualization of ileal loops, even if a per-oral 
pneumocolon is performed. As a result, suboptimal examin- 
ation of pelvic small bowel loops is not uncommon. 


Fig. 6.22 Peutz-Jegher’s hamartomatous 
polyps seen better with compression. A. Spot 
radiograph obtained without compression shows a 
2 x 1cm filling defect in the proximal jejunum 
(arrow). B. Spot radiograph obtained with com- 
pression shows the same 2 x 1 cm mildly lobu- 
lated filling defect in the jejunum (arrow). Barium in 
the interstices of this polyp is now seen, indicating 
that this is a mucosal lesion. Three other 5 mm 
radiolucent polyps are now demonstrated (arrow- 
heads), not visible in A. 


Other radiologists use a suspension of 24% w/v barium 
premixed with methylcellulose. This technique results in trans- 
radiancy of bowel loops mimicking enteroclysis and is reported 
to produce better distention of the small bowel than a conven- 
tional small bowel follow-through." As with any per-oral study, 
gastric emptying at the pylorus limits small bowel distention. 


Per-oral pneumocolon 


A per-oral pneumocolon is a study performed after a small 
bowel follow-through examination in order to obtain air con- 
trast images of the distal ileum and right colon.'®'* A per-oral 
pneumocolon is primarily used to obtain images of the 
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Fig. 6.23 Aphthoid ulcers in patient with Crohn’s disease shown better with compression. A. Spot radiograph obtained with patient in a supine 
position shows thick folds in the terminal ileum. B. Spot radiograph obtained with compression and with the patient in a prone position. The image has been 
rotated 180 degrees and displayed anatomically to allow direct comparison with A. Two 3 x 5 mm irregular barium collections (aphthoid ulcers) (arrows) are now 


demonstrated. 


terminal ileum in patients with suspected Crohn’s disease (Fig. 
6.25) or in patients in whom a colonoscopy or barium enema 
was unable to visualize the right colon. 

If a per-oral pneumocolon is to be performed, the patient 
should have a barium enema preparation the day before the 
examination to clear fecal material from the colon and ter- 
minal ileum. The preparation makes the pneumocolon portion 
of the examination more comfortable for the patient and 
eliminates fecal debris that may compromise the diagnostic 
capabilities of the examination. 

After a small bowel follow-through has been performed 
and barium reaches the right colon, a soft catheter such as a 
Foley catheter is inserted into the rectum. One milligram of 


Fig. 6.24 Delayed imaging distends terminal 
ileum in patient with Crohn’s disease. A. Spot 
radiograph of right lower quadrant shows mild 
dilatation of the terminal ileum proximal to an area 
of apparent marked narrowing (arrow) resembling 
a “string” of barium. B. Spot radiograph of terminal 
ileum obtained half an hour later with patient in 
prone position and with compression. Moderate 
narrowing of the terminal ileum (arrow) is seen, 
though much improved since A. Two tiny barium- 
filled ulcers are seen on the mesenteric 

border of the narrowing. Low-grade obstruction is 
implied by dilatation of the ileum proximal to the 
narrowing. 


glucagon is then injected intravenously to allow more comfort- 
able colonic filling by gas and to relax the ileocecal valve to 
increase the likelihood of refluxing air into the terminal ileum. 
Air is then insufflated into the colon and the patient is turned 
several times to distribute air throughout the colon. If the 
ileocecal valve is in its usually posteromedial position, air 
filling of the terminal ileum is best achieved by turning the 
patient from the supine to the left side down to the prone 
position. Air can also be refluxed into the terminal ileum by 
manual palpation or even by having the patient evacuate. Air 
refluxes the terminal ileum in about 85-90% of patients, enab- 
ling air contrast images of the terminal ileum to be obtained. 
Once air refluxes into the terminal ileum, spot radiographs of 


Chapter 6: Examination of the small intestine: techniques and normal anatomy 


the cecum, terminal ileum, and distal ileum are obtained with 
the patient in the prone and supine positions. 


Small bowel studies using water-soluble 
contrast agents 


The use of water-soluble contrast agents for evaluating the 
small intestine should be avoided, if at all possible. The only 
indication for the use of water-soluble contrast agents is to 
exclude perforation. Because water-soluble contrast agents are 
hyperosmolar and draw interstitial fluid into the intestinal 


Fig. 6.25 Aphthoid ulcers 
~~ —e in neo-terminal ileum 

demonstrated during per-oral 
pneumocolon in patient with 
Crohn's disease. Spot radiograph 
demonstrates several 3-6 mm 
barium collections (arrows) in 
the distal-most ileum just proximal 
to an ileo-ascending colon 
anastomosis. (The cecum and 
ileocecal valve are not visible, 
having been resected.) 


lumen, such contrast agents are increasingly diluted as they 
pass through the small intestine (Fig. 6.26). This hydrophilic 
action leads to very poor visualization of the ileum. Water- 
soluble contrast agents also do not coat the mucosal surface, 
further compromising visualization of the bowel. In general, a 
water-soluble study is satisfactory at demonstrating a duo- 
denal or proximal jejunal leak. However, leaks will be poorly 
demonstrated, if at all, in the mid and distal small intestine. If 
a distal intestinal leak is to be demonstrated, in particular a 
leak at an ileocolic anastomosis, a water-soluble contrast 
enema should be performed. For suspected mid intestinal 
leaks, a CT should be considered first. If the small bowel is 
not dilated, a suspected mid intestinal leak can also be evalu- 
ated with a small bowel enema using a water-soluble contrast 
agent. 

Water-soluble contrast agents should not be used for the 
investigation of small bowel obstruction, unless there is a 
strong suspicion of a coexisting colonic obstruction. Fluid in 
an obstructed/dilated small bowel further dilutes the water- 
soluble contrast agent, making it even less visible than usual, 
resulting in absence of anatomic detail (Fig. 6.27). Barium is 
the agent of choice to exclude obstruction in the small 
intestine. There is no danger of barium inspissating in the 
patients with small bowel obstruction or right-sided colonic 
obstruction. However, barium inspissation may occur in 
patients with left-sided colonic obstruction, so barium 
should not be given orally in patients with this clinical 
scenario. 


Retrograde examinations of the 
small intestine 


Barium enema 


The terminal ileum and distal ileum may be imaged by per- 
forming a single contrast barium enema and refluxing barium 
into the small bowel." The two major indications for this type 
of study are distal small obstruction and suspected Crohn’s 
disease. A barium enema preparation is useful, if it can be 


Fig. 6.26 Water-soluble contrast dilutes 

with time and progression down small intes- 
tine. A. Spot radiograph centered at the duodenal- 
jejunal junction demonstrates good visualization of 
the luminal contour and valvulae conniventes. 

A small diverticulum is seen in the fourth portion 
of the duodenum. B. Low-magnification spot 
radiograph of the small intestine obtained half an 
hour after A shows marked decreased density of 
the contrast column. The valvulae conniventes are 
not as well delineated, especially in the pelvic 
ileum (arrowhead). 
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tolerated. In patients with suspected high-grade distal small 
bowel obstruction, however, an oral preparation is not indi- 
cated, and the colon can either be studied without a prepar- 
ation or after cleansing enemas. 

After intravenous administration of 1 mg glucagon to relax 
the colon and ileocecal valve, up to 2.5 liters of 20-30% w/v 
barium is instilled via a barium enema bag/tip. An obstructing 
colon lesion is first excluded. Barium can be refluxed into the 
terminal ileum in about 85% of patients. The radiologist instills 


Fig. 6.27 Poor demonstration of anatomy in patient with small bowel 
obstruction using a water-soluble contrast small bowel follow-through. 
Spot radiograph of the right lower quadrant. The colon is filled with 

barium from a previous barium enema. Faintly opacified, dilated pelvic 

ileum (D) and collapsed, faintly opacified distal ileum (I) are seen. There is a 
questionable transition zone (thick arrow). There is also a ring and linear shaped 
staple line (thin arrow). 


barium until the transition zone between non-dilated distal ileum 
and dilated, more proximal small bowel is visualized (Fig. 6.28). 
The anatomy of the transition site is then demonstrated. If the 
enema bag “runs out” of barium before the transition zone is 
reached, water or more barium is added to the enema bag. 

Either a single or double contrast barium enema can be 
performed if Crohn’s disease of the distal small bowel is 
suspected. A double contrast technique is favored when recur- 
rent Crohn’s disease is suspected in the neo-terminal ileum in 
a patient without obstruction, as double contrast technique 
demonstrates mucosal detail superior to single contrast tech- 
nique. However, if barium must traverse the ileocecal valve, if 
there is plain radiograph evidence of small bowel obstruction 
in a patient with Crohn’s disease, or if a stricture could not be 
traversed at colonoscopy, a single contrast barium enema is 
favored, as thin barium can cross the ileocecal valve or an 
obstructing lesion easier than double contrast barium. 

A single contrast barium enema has tremendous advantages 
over a small bowel follow-through when a moderate or high- 
grade distal small obstruction is suspected on the basis of plain 
abdominal radiographs or CT. The study is much faster and easier 
on the patient than an enteroclysis or a small bowel follow- 
through when there are multiple loops of dilated, fluid-filled 
hypotonic small intestine. If a transition zone is found, the radi- 
ologist can be certain there is a distal small bowel obstruction and 
frequently determine the cause of the obstruction. 


lleostomy enema 


Small intestine proximal to an ileostomy is easily studied via 
a retrograde approach through the ileostomy. A Foley 


Fig. 6.28 Distal small bowel obstruction by adhesion, demonstrated by CT, confirmed by barium enema. A. CT through pelvis shows markedly dilated 
pelvic ileum (I). There is an abruptly angulated transition zone between the dilated and collapsed ileum (arrow). No mass is seen. B. A single contrast barium 
enema was performed. Barium refluxing into the distal ileum shows a beak-like obstruction (large arrow) at the adhesion shown in A. The ileal folds (small 
arrows) and balloon on the enema tip (B) in the rectum are identified. 
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Fig. 6.29 Retrograde ileostomy study. Low-magnification radiograph 
demonstrates flow of barium from the distal ileum retrogradely into the 
jejunum. Barium is seen in the Foley catheter (arrow) used for the study. 
The balloon of the Foley catheter has been distended. Residual contrast is 
seen in the left colon from a recent study of the bypassed left colon. 


catheter is lubricated, gently inserted into the ileostomy, and 
is placed into the small intestine below the peritoneal sur- 
face. A small amount of air (3-5 ml) is injected into the 
balloon port of the catheter; just enough air so that the 
catheter will not pop out of the abdomen when the catheter 
is retracted to the peritoneal reflection. The balloon is not 
distended to coapt the walls of the distal ileum because of 
the possibility of damage to the intestine by an overdis- 
tended balloon. The balloon also should not be distended 
in any patient with suspected Crohn’s disease or other dis- 
eases involving the distal ileum near the stoma. In these 
patients, the balloon is distended only when the distal-most 
ileum has been shown to be normal by contrast injection. 
Once the catheter is in place, a wide variety of contrast 
agents may be injected. A water-soluble contrast agent is used 
if a distal leak is suspected. If Crohn’s disease is to be excluded, 
a double contrast ileostomy enema may be performed; first 
injecting 80% w/v barium (Entero-H), followed by air after the 
barium reaches normal small bowel. If distal small bowel 
obstruction is to be excluded, a single contrast ileostomy 


References 
1. Maglinte DDT, Lappas JC, Kelvin FM, et al. 


refinements in enteroclysis. Radiol Clin 
North Am 2003; 41:213-229. 


Fig. 6.30 lleostomy and ileocutaneous fistula due to Crohn’s 

disease demonstrated with patient in near lateral (left side down steep 
oblique) position. Spot radiograph obtained after a retrograde ileostomy 
study. The Foley catheter has been removed to better visualize the distal ileum. 
A nipple marker (long thin arrow) was placed on the skin near the opening of 
the fistula. Angulation of the ileum (arrowhead) occurs as it enters the anterior 
abdominal wall. Recurrent Crohn's disease has thickened the folds of the ileum 
(I). A fistula is manifested as a thin, barium-filled track (short arrows). 


enema is performed by injecting a thin 30-50% w/v barium 
suspension in a retrograde fashion until the transition zone is 
reached. We have instilled barium as far proximally as the 
proximal jejunum (Fig. 6.29) or the duodenum with this type 
of examination. 

An ileostomy study is made more comfortable for the 
patient by injecting 1 mg of glucagon intravenously prior to 
the insertion of the Foley catheter or during the examination 
when the patient experiences discomfort. 

Spot radiographs are obtained during the study, as in enter- 
oclysis. At the end of the study, the Foley catheter is carefully 
removed after balloon deflation and the ileostomy bag is quickly 
replaced. The ileostomy itself is best visualized by turning the 
patient perpendicular to the course of the ileostomy, usually 
into a lateral or steep oblique position (Fig. 6.30). The bowel 
loop just proximal to the peritoneal reflection also is often best 
visualized in this tangential projection. 


eds. Textbook of gastrointestinal 
radiology. Philadelphia: Saunders 


Small bowel radiograph: how, when and 
why? Radiology 1987; 163:297-304. 


Maglinte DDT, Lappas JC, Heitkamp 
DE, Bender GN, Kelvin FM. Technical 


Maglinte DDT, Lappas JC, Chernish SM, 
et al. Improved tolerance of enteroclysis by 
use of sedation. AMR 1988; 15:951-952. 


Rubesin SE. Barium examinations of the 
small intestine. In: Gore RM, Levine MS, 


Elsevier, 2010:735-754. 


Diner WC. Duodenal perforation 
during intubation for small bowel 
enema study. Radiology 1988; 
168:39-41. 


131 


132 


Section 1: GI Tract 


6. 


10. 


Abu-Yussef MM, Benson CA, Lu CH, 
et al. Enteroclysis aided by an 

electric pump. Radiology 1983; 147: 
268-269. 


Maglinte DDT, Miller RE. 

A comparison of pumps used for 
enteroclysis. Radiology 1984; 
152:815. 


Sellink JL, Miller RE. Radiology of the 
small bowel: modern enteroclysis 
technique and atlas. The Hague: 
Martinus-Nijoff, 1982. 


Nolan DJ, Cadman PJ. The small bowel 
enema made easy. Clin Radiol 1987; 
38:295-301. 


Kobayashi S, Nishizawa M. X-ray 
examination of small intestine-double 
contrast method by duodenal intubation. 
Stomach, Intest 1976; 11:157-165. 


11. 


12. 


13. 


14. 


15. 


Shirakabe H, Kobayashi S. Air double 
contrast barium study of the small 
bowel. In Herlinger H, Maglinte DDT, 
eds. Clinical radiology of the small 
intestine. Philadelphia: WB Saunders, 
1989:139-145. 


Herlinger H. A modified technique for 
the double contrast small bowel enema. 
Gastrointest Radiol 1978; 3:201-207. 


Grumbach K, Herlinger H, Laufer I, 

et al. Metoclopramide-ceruletide 
assisted small bowel examination. 
ROFO 1988; 149:57-61. 

Fraser GM, Preston PG. The small 
bowel follow-through enhanced with an 


oral effervescent agent. Clin Radiol 
1983; 34:673-679. 


Fitch D. The small bowel see-through: 
an improved method of radiographic 


16. 


17. 


18. 


19. 


small-bowel visualization. 
Can J Med Radiat Tech 1995; 
26:167-171. 


Kellet MJ, Zboralske FF, Margulis AR. 
Per oral pneumocolon examination of 
the ileocecal region. Gastrointest Radiol 
1977; 1:361-365. 


Kressel HY, Evers KA, Glick SN, et al. 
The peroral pneumocolon examination: 
technique and indications. Radiology 
1982; 144:414-416. 


Kelvin FM, Gegaudas RK, Thompson 
WM, et al. The peroral pneumocolon 
examination: its role in evaluating the 
terminal ileum. AJR 1982; 
139:115-121. 


Miller RE. Complete reflux examination 
of the small bowel. Radiology 1986; 
84:457-462. 


| Section 1 | GI Tract 


Small intestine 


Stephen E. Rubesin, MD 


Benign and malignant tumors 


Benign and malignant primary small intestinal tumors are 
uncommon clinically. The most common benign tumors are 
lipoma, adenoma, and leiomyoma (GIST).’ Metastases to the 
small intestine are far more common than primary tumors.” 


Lipoma 

Lipomas are composed of well-differentiated fat encased by a 
fibrotic capsule.’ Most lipomas arise in the submucosa. The 
overlying mucosa is usually intact, though may be focally 
ulcerated. Macroscopically, lipomas are sessile or pedunculated 
intraluminal tumors, as outward growth is limited by the 
muscularis propria. Pedunculated lesions may result in intus- 
susception or may undergo torsion and infarction. Radio- 
graphically, lipoma is a sharply edged, smooth-surfaced 
pedunculated polyp or hemispheric submucosal mass 
(Fig. 7.1) whose shape changes with peristalsis or manual 
compression.** CT will demonstrate a tumor of fat attenu- 
ation, unless infarction has intervened. 


Adenoma 


Small intestinal adenomas are uncommon lesions, typically 
arising in the duodenum near the papilla of Vater, in the 


Fig. 7.1 Lipoma mid 
small bowel. Spot 
radiograph from 
enteroclysis shows a 2 cm 
smooth-surfaced ovoid, 
radiolucent filling defect 
(arrows). Loss of contour 
(arrowhead) is seen at the 
site of attachment of the 
polypoid lesion to the 
wall. 


remainder of the duodenum or in the proximal jejunum.’ 
Numerous (>20) small adenomas are found in the periampullary 
region in patients with familial adenomatous polyposis syn- 
drome (Fig. 7.2). Development of periampullary/duodenal car- 
cinoma is the most common extracolonic site of malignancy in 
patients with FAPS. Up to 15% of patients with FAPS develop 
duodenal carcinoma. Ileal adenomas are found in patients with 
FAPS and hereditary non-polyposis colorectal cancer syndrome. 

Adenomas are small, sessile or pedunculated, multilobu- 
lated lesions, classified into tubular, tubulovillous, and villous 
adenoma based on architecture. Tubular adenomas are usually 
small 1-2cm lesions; villous adenomas are larger (5cm) 
pedunculated, sessile, or carpet lesions (Fig. 7.3) that spread 
horizontally in mucosa.” Invasive cancer is more frequently 
found in villous adenomas than tubular adenomas. 


Peutz-Jeghers hamartoma 


A hamartoma is a growth composed of mature cells that 
normally occur in the organ of origin. Peutz-Jeghers small 


Fig. 7.2 Duodenal 
adenomas in patient 
with familial 
adenomatous 
polyposis syndrome. 
Spot radiograph with 
barium and air (after 
enteroclysis) 
demonstrates many, 3- 
5mm, radiolucent 
elevations (arrows) in the 
second portion of the 
duodenum. The papilla of 
Vater is markedly 
expanded by an 
adenocarcinoma 
(arrowheads). 
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Fig. 7.3 Villous 
adenoma, jejunum. 
Spot radiograph from 
small bowel follow- 
through demonstrates 

a 4cm in length focal, 
mild, circumferential 
narrowing in the 
proximal jejunum. 

The folds are variably 
thickened (arrows) with 
a finely nodular surface. 
Despite the 
circumferential nature of 
the tumor, at pathology, 
only a villous adenoma 
carpeting the bowel wall 
was found. 


intestinal hamartomas are composed of villi and crypts separ- 
ated by arborizing muscularis mucosa.’* Benign glands are 
lined by mature columnar absorptive cells, goblet cells, neuro- 
endocrine cells, and Paneth cells. 

Peutz-Jeghers syndrome is an autosomal dominant dis- 
order, about one-tenth as frequent as familial adenomatous 
polyposis syndrome. About 40-50% of patients with Peutz- 
Jeghers syndrome are spontaneous mutants.° Peutz—Jeghers 
hamartomas are most frequently found in the jejunum, but 
are seen in decreasing order of frequency in the ileum, colon, 
stomach, and duodenum. Although numerous small polyps 
may be present, radiologic studies usually demonstrate several 
large, 1-5cm sessile or semipedunculated tumors (see 
Fig. 6.22) in the distal duodenum and jejunum.’ The surface 
of the polyps is smooth, finely lobulated, or frond-like. 


Gastrointestinal stromal tumor (GIST) 


Small, benign-behaving GISTs are usually small (<1 cm) sub- 
mucosal or subserosal polypoid growths.® Larger, more aggres- 
sive GISTs may simultaneously extend into the lumen and 
outside the bowel, in a dumbbell shape.’ Other GISTs are 
exophytic and difficult to detect on small bowel studies other 
than by flattening of folds and mass effect on adjacent loops. 
Destruction of the blood supply leads to necrosis, ulceration, 
and cavitation. Malignant GISTs are found in Meckel’s diver- 
ticulum, neurofibromatosis I, tuberous sclerosis, and Peutz- 
Jeghers syndrome. 


Vascular tumors 


A variety of vascular tumors arise in the small intestine, com- 
prising about 7-10% of benign intestinal tumors. These tumors 
may assume a small polypoid form (especially capillary or 
cavernous hemangioma) or tumors that diffusely infiltrate the 
submucosa (cavernous hemangioma) Angiomas are found in 
Klippel-Trénaunay-Weber syndrome, Osler-Webber—Rendu 


Fig. 7.4 Inflammatory fibroid polyp causing intussusception. Spot 
radiograph from enteroclysis depicts the outer walls of the intussusceptum as 
a tubular filling defect (arrowheads) within the lumen of the intussuscipiens. 
The lumen of the intussusceptum is identified by long thin arrows. The folds 
of the intussuscipiens are identified by short thin arrows. The cause of the 
intussusception is a 2cm smooth-surfaced polypoid lesion (thick arrows). 


disease, blue rubber bleb nevus syndrome, tuberous sclerosis, 
Turner’s syndrome, and Maffucci’s syndrome. 


Inflammatory fibroid polyp 


An inflammatory fibroid polyp (IFP) is a non-neoplastic pro- 
liferation of spindle cells mixed with inflammatory cells. This 
proliferation is probably a form of granulation tissue, arising 
in the submucosa. IFPs are most frequently found in the 
stomach. When arising in the small intestine, IFPs are usually 
found in the ileum as a solitary sessile, pedunculated (Fig. 7.4) 
or sessile polyp.” 


Carcinoid tumor 


Carcinoid tumor is most frequently found in the appendix, 
followed by the ileum and rectum. Of small intestinal carcin- 
oids, 84% are found in the ileum, 10% in the jejunum, 5% in the 
duodenum, and 1% in Meckel’s diverticulum. Multiple tumors 
are found in 25-30% of patients. All carcinoid tumors are 
potentially malignant, though appendiceal carcinoids rarely 
metastasize. Of intestinal carcinoids, metastases are found in 
about 10% of tumors smaller than 1 cm, 50% of tumors 1-2 cm, 
and more than 80% of tumors larger than 2 cm. 

Small carcinoid tumors are 0.5-1.5 cm smooth sessile, hemi- 
spheric-shaped polyps (Fig. 7.5). Invasion of the muscularis 
propria or serosa results in muscular hypertrophy and a desmo- 
plastic response. The bowel is focally angulated at the tumor 
and uninvolved mucosal folds are pulled toward the tumor. 
The serosal surface may be spiculated. With greater serosal 
invasion or intraperitoneal metastasis, the bowel is angulated, 
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Fig. 7.5 Carcinoid 
tumor of ileum. 

Spot radiograph from 
enteroclysis 
demonstrates a 1.2 cm 
smooth-surfaced, 
hemispheric-shaped, 
sessile polyp (thick 
arrowhead). The normal- 
sized folds adjacent to 
he tumor (arrows) are 
pulled by the 
desmoplastic process 
oward the broad base of 
he tumor. A second, 

3 mm carcinoid tumor 
(small arrowhead) is seen 
in another ileal loop. 


Fig. 7.7 
Adenocarcinoma of 
jejunum. Spot 
radiograph from 
enteroclysis 
demonstrates a 4cm in 
length annular lesion 
with abrupt shelf-like 
margins (arrowheads), a 
wall thickened by tumor 
(double arrows), and a 
7mm 

barium-filled ulceration 
(arrow — U). 


extrinsically narrowed, matted together, and potentially twisted, 
leading to obstruction. Adjacent bowel may become ischemic 
related to a variety of factors, including concentric elastosis and 
fibrosis of large mesenteric vessels (Fig. 7.6). 

Although midgut carcinoid tumors produce a huge variety of 
biogenic amines and polypeptide hormones, carcinoid syndrome 
develops in only about 10% of patients. Carcinoid syndrome is 
usually seen in patients with liver metastases, but sometimes only 
in patients with bulky mesenteric metastases." Although duodenal 
carcinoids may be tiny submucosal nodules, hormone production 
may be significant. Small duodenal gastrinomas are associated 
with Zollinger-Ellison syndrome and MEN-1. Duodenal somato- 
statinomas are frequently associated with neurofibromatosis. 


Adenocarcinoma 


Although adenocarcinoma is the most common primary malig- 
nancy of the small intestine, these tumors are uncommon, despite 
the large size of the small intestinal epithelial surface and the high 
turnover rate of epithelial cells. Adenocarcinomas are most fre- 
quently found in the periampullary region, the remainder of the 
duodenum, and the proximal jejunum. There is an 80-fold 
increased risk of adenocarcinoma in patients with celiac dis- 
ease." About 15% of patients with FAPS develop periampullary 
carcinoma. There is an increased incidence of adenocarcinoma of 
the ileum in patients with hereditary non-polyposis colorectal 


Fig. 7.6 Carcinoid tumor of ileum presenting as small bowel ischemia. 
Spot radiograph from small bowel follow-through demonstrates many smooth, 
thick, straight folds (short, thin arrows) relatively perpendicular to the 
longitudinal axis of the small bowel (this proved to be submucosal edema due 
to ischemia). A hemispheric mesenteric border indentation is seen (short, thick 
arrow) (this proved to be a thumbprint to do submucosal edema). A more 
polypoid, smooth-surfaced 1.5 cm filling defect (long, thick arrow) arises from 
the mesenteric border. Though radiographically diagnosed as a thumbprint due 
to ischemia, this was a carcinoid tumor at surgery. 


carcinoma (Lynch II) syndrome, long-standing Crohn’s disease, 
Meckel’s diverticulum, and at a surgical anastomosis. 

Cancers in the duodenum are typically polypoid (see Fig. 
6.19) or carpet-like lesions in the periampullary region or poly- 
poid, ulcerated, or annular lesions in the third and fourth por- 
tions of the duodenum.*"* Jejunal adenocarcinoma is usually a 
short annular tumor, with abrupt, shelf-like margins, central 
ulcers, and nodular mucosa (Fig. 7.7).*’? Rarely, adenocarci- 
noma appears as a large polypoid tumor or a cavitary mass. 


Primary lymphoma and disseminated lymphoma 


The small intestine is the largest immunologic organ in the 
body. Thus, the gastrointestinal tract is the most common site 
of extranodal lymphoma, accounting for about 5% of all 
lymphoma. Most primary small intestinal lymphoma is a 
B-cell lymphoma, forming an infiltrative or cavitary lesion. 
Most T-cell lymphoma is associated with enteropathy, espe- 
cially celiac disease, dermatitis herpetiformis, or Epstein-Barr 
virus infection. Other predisposing conditions include 
immune proliferative small intestinal disease (IPSID) and Wal- 
denstrom’s macroglobulinemia. Multifocal primary small 
bowel lymphoma is not uncommon. 

B-cell lymphomas are primarily masses that first infiltrate 
and expand the submucosa. This results in a focal area of 
smoothly thickened folds (Fig. 7.8) or more frequently in 
complete effacement of the folds resulting in a long, circum- 
ferential lesion that minimally narrows the lumen despite the 
length and bulk of the tumor (Fig. 7.9).’° Infiltration of the 
muscularis propria leads to bowel wall weakening and “aneur- 
ysmal dilatation” of the lumen (Fig. 7.10). Invasion of the 
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Fig. 7.8 Mantle cell lymphoma manifested as thick folds. Spot radiograph 
of proximal jejunum from small bowel follow-through demonstrates 3-4 mm 
thick, focally nodular folds (long arrows). Compare these abnormal folds with 
the normal folds (short arrow) in an adjacent loop. Folds in relatively well- 
distended loops should be thinner than folds in a collapsed loop. 


Fig. 7.10 Non- 
Hodgkin’s lymphoma 
manifested as 
“aneurysmal 
dilatation.” Spot 
radiograph of the ileum 
from enteroclysis shows a 
ong, annular expansion 
of the lumen 
predominately on the 
mesenteric border 
arrows). The normal 
valvulae conniventes are 
effaced; the contour of 
he lesion is irregular. 


A 
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adjacent small bowel mesentery results in a bulky mass. 
A cavitary mass forms when the overlying mucosa ulcerates 
or the tumor becomes necrotic (Fig. 7.11). 

IPSID is probably a disease originating in malnourished 
intestinal mucosa, resulting in proliferation of IgA-producing 
plasma cells in the lamina propria. The plasmacytoid cells 
produce an abnormal « heavy chain globulin without a joined 
light chain, hence the term “heavy chain disease.”'® Although 
this disease is most frequently found in impoverished popula- 
tions of the Mediterranean (hence the term Mediterranean 
lymphoma), poor populations of all countries are at risk. 
Initially multiple small nodules are seen due to submucosal 
proliferation (Fig. 7.12). A plasma-cell or immunoblastic 
lymphoma may develop. 


Fig. 7.9 Non-Hodgkin's 
lymphoma manifested 
as annular lesion. Spot 
radiograph of proximal 
ileum from small bowel 
follow-through shows an 
8cm in length annular 
narrowing, with thick, 
nodular folds (arrows). 
Despite the wall 
hickening (double 
arrow) and the 

ong length of the lesion, 
here is little evidence of 
small bowel obstruction 
(proximally dilated 
intestine or delayed 
ransit). (Reproduced 
with permission from 
reference 15) 


Fig. 7.11 Non-Hodgkin’s lymphoma in patient with systemic lupus 
erythematosis manifested as cavitary mass. Spot radiograph of the ileum 
from enteroclysis shows a large, irregularly contoured barium-filled cavity 
(arrowheads) expanding beyond the expected luminal contour of the bowel. 
Smooth, thick folds (thin arrows) adjacent to the cavity are due to submucosal 
tumor infiltration. Thick tumor nodules (short, thick arrows) are adjacent to 
the cavity on its mesenteric border. (Reproduced with permission from 
reference 15) 


Long segments of small bowel lymphoma are seen in 
patients with celiac disease, IPSID, and mantle cell lymph- 
oma.” The T-cell tumors associated with gluten-sensitivity 
are usually found in the jejunum, either as focal masses or 
long segments of mucosal nodularity.'* Mantle cell lymphoma 
is a B-cell tumor resembling the B cells of the marginal zone in 
lymph nodes. Mantle cell lymphoma may be manifested as 
large (> 3mm) non-uniformly sized nodules, thick folds, or a 
mass in the distal ileum (Fig. 7.13). Mantle cell lymphoma may 
involve long segments of bowel, manifested as a lymphoma- 
tous polyposis. 
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Fig. 7.12 Lymphoma in immune proliferative small intestinal disease. 
Spot radiograph of the mid small bowel from small bowel follow-through 
demonstrates numerous non-uniform, 2-4 mm round to ovoid nodules 
disrupting the normal smooth fold and surface pattern. 


Fig. 7.14 Intussusception due to metastatic melanoma. Spot radiograph 
of the mid small intestine from enteroclysis shows a broad-based smooth 
radiolucent filling defect (arrowheads) entering the lumen of the 
intussuscipiens. This proved to be a submucosal metastasis from melanoma. 
The mucosal folds of the intussuscipiens (short arrows) are said to resemble 

a coil-spring. The barium-filled lumen of the intussusceptum (long thin arrows) 
is compressed by the intussuscipiens. 


Mesenteric nodal lymphoma may spread to the adjacent small 
intestine. Initially, small intestinal loops are separated and focally 
impressed by the mesenteric nodes. With progression of disease, 
the small bowel folds are smoothly enlarged by infiltrating tumor 
or mesenteric venous/lymphatic obstruction. 

Disseminated nodal lymphoma is usually manifested as mul- 
tiple submucosal masses, often centrally ulcerated target lesions.’ 


Metastases to small intestine 


Metastases are the most common small bowel malignancy. At 
autopsy, hematogenous metastases from lymphoma, leukemia, 


Fig. 7.13 Mantle cell lymphoma, terminal ileum. Spot radiograph 

of the terminal ileum (I) and cecum (C) from small bowel follow-through 
demonstrates numerous 2-4 mm smooth nodules disrupting the normal 
smooth surface and fold pattern of the ileum. The nodules are distinct from 
lymphoid hyperplasia in that they are larger than 1-2 mm in size, are not 
uniform in size, and are not separated by normal mucosa. The ileocecal valve 
(arrows) is mildly expanded by the lymphoma. 


lung cancer, and breast carcinoma are frequent. However, 
metastatic melanoma is the most clinically frequent hemato- 
genous metastasis to the small intestine presenting with bleed- 
ing or intussusception (Fig. 7.14). 

Hematogenous metastasis typically appears as a smooth- 
surfaced submucosal mass, with or without central ulceration 
(see Fig. 6.1). Other hematogenous metastases can have a 
flat, plaque-like appearance, in particular Kaposi’s sarcoma. 
An annular lesion with relative preservation of folds can be 
seen with both hematogenous and peritoneally spread serosal 
metastasis (Fig. 7.15). 

Direct invasion of the small intestine from a contiguous 
tumor or from a tumor spread through a contiguous mesen- 
tery or from an adjacent lymph node initially produces extrin- 
sic mass effect.” With serosal invasion, the contour becomes 
spiculated and the mucosal folds are tethered toward the side 
of bowel wall invasion. The site of direct invasion points to the 
site of primary tumor. Carcinoma of the head of pancreas 
usually invades the medial wall of the second through fourth 
portion of the duodenum. Carcinoma of the right kidney 
invades the lateral wall of the second portion of the duodenum. 
Nodal or mesenteric recurrence of carcinoma of the ascending 
colon invades the lateral second and inferior third portions of 
the duodenum. Left colon cancer nodal metastases invade the 
duodenal-jejunal junction. Carcinoma of the sigmoid colon 
can invade pelvic small bowel, resulting in small bowel 
obstruction. 

Intraperitoneal metastases are most frequently found at 
sites of ascites pooling: the rectovesical and rectouterine 
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spaces, sigmoid mesentery, mesenteric border of right lower 
quadrant small bowel and cecum, and the right paracolic 
gutter.” Any malignancy that abuts the peritoneal surface 
can cause intraperitoneal metastasis. The most common site of 
origin of intraperitoneal metastasis in women is the ovary; in 


Fig. 7.15 Intraperitoneal metastasis from colon carcinoma. Spot 
radiograph of the proximal ileum from small bowel follow-through shows a 
3cm annular lesion, with shelf-like borders (arrowheads). The clue that this is 
not a primary small bowel carcinoma is that the borders of the lesion have 
smooth folds and that there was a known history of partial colectomy for 
carcinoma. Other loops show thick folds (arrows) due to edema from lymphatic 
obstruction by small bowel mesenteric metastasis. No radiation therapy or 
chemotherapy (5-FUDR or 5 fluorouracil) had been administered. At surgery for 
obstructive symptoms, diffuse intraperitoneal metastases were found. 


men, the stomach, pancreas, or colon. The radiographic find- 
ings are similar to those of direct invasion by tumor: extrinsic 
mass effect, spiculation of the contour, and tethering of folds 
(Fig. 7.16). Bowel angulation and extrinsic luminal narrowing 
results in obstruction. 


Differential diagnosis’*”° 


Polypoid lesions 


Barium trapped within the interstices of a polypoid lesion 
producing a granular, nodular, or reticular surface indicates a 
mucosal origin, thus limiting the differential diagnosis. How- 
ever, many small mucosal polypoid lesions do not have barium 
in their interstices, making it difficult to distinguish a small 
mucosal- from submucosal- appearing polyp. Larger submu- 
cosal lesions are smooth, with or without central ulceration 
(target lesion) (see Fig. 6.1). An adenoma with or without 
carcinoma must be excluded in a mucosal- appearing proximal 
small bowel lesion. A carcinoid tumor should be excluded in 
any smooth-surfaced sessile ileal polyp. The most common 
pedunculated tumors are lipoma (Fig. 7.17), inflammatory 
fibroid polyp, GIST, or an inverted Meckel’s diverticulum. 
Carpet lesions in the proximal small bowel are typically 
Peutz-Jegher’s polyps or adenomas. Multiple small polypoid 
lesions in the duodenum are typically seen in FAPS. Multiple 
polypoid or carpet-like lesions in the jejunum are typically due 
to Peutz-Jeghers syndrome. 


Annular lesions 


Adenocarcinoma is typically a short, partially obstructing 
annular lesion in the duodenum or proximal jejunum (see 
Fig. 7.7). While lymphoma may assume an annular configur- 
ation, the tumor spreads longitudinally in the submucosa, 
resulting in a longer annular lesion with tapered margins and 


Fig. 7.16 Intraperitoneal metastasis from carcinoid tumor. A. Spot radiograph from small bowel follow-through shows a 1.5 cm (long thick arrow) and 5mm 
(short thick arrow) subtle, smooth indentation of the lateral pelvic ileal wall. Smooth, normal-sized folds are bunched together and angulated toward (thin 
arrows) these small extrinsic mass impressions. B. Axial image from CT shows a small central mesenteric mass (long arrow). The ileal loops are angled toward 

this mesenteric mass. Subtle mesenteric border implants (short arrows) are seen in retrospect. 
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Fig. 7.17 Lipoma causing intussusception. Spot radiograph of the 

ileum from small bowel follow-through demonstrates a 2.5 cm relatively 
smooth-surfaced round filling defect (thick arrow) in the lumen. At surgery, this 
was a lipoma. The collapsed lumen of the intussusceptum is manifested as 
thin, parallel, barium-coated lines (short, thin arrow). The outer wall of the 
intussusceptum is manifested as a tubular filling defect (arrowheads). The folds 
of the intussuscipiens (long thin arrow) surrounding the intussusceptum are 
depicted as thin barium-coated lines perpendicular to the longitudinal axis 

of the bowel. 


Fig. 7.19 Thumbprinting in small intestinal ischemia. Spot radiograph 

of the ileum from small bowel follow-through shows smooth, thick, straight 
folds. In addition, there are smooth-surfaced, hemispheric nodules on the 
mesenteric border (arrowheads), said to resemble thumbprints. These 
represent so much expansion of the submucosa of the valvulae conniventes on 
the mesenteric border that the valvulae are effaced and appear as small 
submucosal masses. 


thick, smooth or effaced folds (see Fig. 7.9). Because lymph- 
oma is a soft, cellular lesion, lymphoma results in less obstruc- 
tion than adenocarcinoma. Lymphoma is more frequently 
found in the ileum. 


Cavitary mass 


Small target lesions (see Fig. 6.1) are typically hematogenous 
metastasis, especially melanoma, disseminated lymphoma, or 
Kaposi’s sarcoma. Large, bulky cavitary masses are usually 
lymphoma (see Fig. 7.11), metastatic melanoma, GIST, and 
rarely adenocarcinoma. 


Fig. 7.18 Small 
intestinal ischemia. 
Spot radiograph of the 
ileum from small bowel 
ollow-through 
demonstrates a loop with 
smooth, thick, straight 
olds (representative fold 
identified by thick arrow) 
maintaining their normal 
perpendicular orientation 
o the longitudinal axis of 
he bowel. The folds are 
so thick that the barium- 
illed space between 
hem is narrow, a so- 
called “interspace spike” 
(thin arrows). 


Vascular disorders 


Ischemia 


The arterial supply to the small intestine is in the form of 
arcades with end-arteries. Little collateral flow is present, in 
contrast to the extensive collateral flow available in the stom- 
ach or colon. Therefore, the small intestine is the portion of 
bowel most commonly affected by ischemia. One or several 
contiguous loops of intestine are usually involved. Larger seg- 
ments of ischemia are possible within internal hernias or 
midgut volvulus, a rare finding in an adult. The most common 
causes of small intestinal ischemia are low flow states, athero- 
sclerosis, vasculitides, radiation enteropathy, trauma, and car- 
cinoid tumor. 

CT is usually performed in patients with acute abdominal 
pain or acute bleeding. CT demonstrating lack of mucosal wall 
enhancement or a mesenteric arterial or venous thrombus 
enables a definitive diagnosis of ischemia.”° Submucosal 
edema manifested as a target sign is less specific. Mesenteric 
haziness, stranding, and engorged vessels are seen in forms of 
ischemia, mainly with mesenteric venous occlusion. Focal 
pneumatosis can be due to necrosis or bacterial invasion of 
the bowel wall. Mesenteric or portal venous gas is an ominous 
finding, especially if seen on a plain radiograph. 

Barium studies may be performed in patients with semi- 
acute or chronic ischemia. Barium studies demonstrate the 
submucosal edema or hemorrhage associated with ischemia 
as smooth, thick, straight folds that maintain a normal 
orientation perpendicular to the longitudinal axis of the 
small bowel (Fig. 7.18).’” Barium trapped between thick 
folds demonstrates a spike-like contour, termed “interspace 
spikes.” Severe edema or hemorrhage expands the submu- 
cosa of the mesenteric border, effacing folds, producing 
small submucosal masses that resemble “thumbprints” 
(Fig. 7.19). 
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Fig. 7.20 Radiation changes after treatment for cervical carcinoma. 
Spot radiograph from small bowel follow-through. Compare the normal- 
sized folds of the mid ileum (I) with the mildly thickened folds of the pelvic 
ileum (long arrow). The folds are thickened due to venous and lymphatic 
destruction with subsequent edema. The pelvic ileal folds are tethered 
(short arrows) by radiation-induced serositis. A long stricture (arrowheads) 
predominantly due to muscularis propria scarring is seen. The folds in the 
stricture are preserved, though thickened and tethered. 


Disorders causing intramural hemorrhage have radio- 
graphic findings similar to ischemia. These include anticoagu- 
lant therapy, coagulopathies, hemophilia, and idiopathic 
thrombocytopenic purpura. 


Radiation enteropathy 


Radiation enteropathy is a common form of chronic intestinal 
ischemia. Patients with baseline vascular damage such as diabetes, 
patients undergoing chemotherapy, and patients with adhesions 
that fix intestinal loops have an increased risk of radiation damage. 
Radiation therapy results in chronic endarteritis obliterans and 
submucosal edema and fibrosis. The pelvic ileum is usually 
involved, as it is the intestine most frequently irradiated during 
treatment for cervical, prostate, or rectal carcinoma. Radiographic- 
ally, one or more segments of pelvic ileum show smooth, thick 
folds perpendicular to the axis of the bowel, often with associated 
interspace spikes (see Figs. 6.21 and 7.20). Luminal narrowing is 
due to submucosal edema and fibrosis. Abruptly angulated loops 
may be seen when radiation-induced serositis has developed. 
Smooth, tapered strictures may be seen, typically at the edge of 
the radiation portal. With long-standing ischemia, the bowel is 
shortened and the lumen has a narrowed, featureless appearance. 


NSAID strictures 


Non-steroidal anti-inflammatory agents cause enteropathy 
resulting in protein loss or malabsorption and ulceration 


Fig. 7.21 Diaphragm-like scarring attributed to non-steroidal 
anti-inflammatory agent use. Spot radiograph of the jejunum from 
enteroclysis shows two smooth, thick radiolucent webs (arrows) mildly 
narrowing the lumen. (Courtesy of Arunas Gasparitis, M.D., Chicago, IL) 


causing acute or chronic intestinal bleeding. Small bowel ulcers 
are seen in about 8% of patients taking NSAIDs. Ulcers may 
result in acute perforation or transmural inflammation with 
stricture formation. The distal ileum is typically involved. 

NSAID erosions and ulcers are rarely detected at small 
bowel follow-through but may be detected during air contrast 
enteroclysis. Healing may cause thin, web-like diaphragms or 
thick, ring-like narrowings. NSAID webs are frequently mul- 
tiple, seen in groups separated by several centimeters of 
normal bowel.*” Webs are smooth, thin, 1-2 mm in thickness 
diaphragm-like narrowings (Fig. 7.21). Thicker webs are sym- 
metric annular narrowings with smooth or mildly nodular 
mucosa due to submucosal collagen clumps. Potassium chlor- 
ide damage may have similar radiographic findings. 


Crohn's disease and other inflammatory 
disorders primarily of the distal small intestine 


Crohn's disease 


Crohn’s disease involves the terminal ileum and colon in 55% 
of patients, the terminal ileum alone in 14%, the terminal ileum 
with proximal extension in 13%, the proximal small intestine 
with ileal sparing in 3%, and the colon alone in 15%.*’ The 
inflammatory process is discontinuous, with segments of 
abnormality separated by uninvolved bowel (“skip lesions”).* 
Inflammation is also focally discontinuous, with ulcers separ- 
ated by islands of normal mucosa. The inflammatory process 
initially has a predilection for the mesenteric border. 

The earliest inflammatory changes of Crohn’s disease 
include aphthoid ulcers, mesenteric border ulcers, and 
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Fig. 7.22 Aphthoid ulcers in patient with Crohn’s disease. Spot radiograph 
from small bowel follow-through. Aphthoid ulcers (arrows) in the terminal 
ileum are manifested as ovoid radiolucent filling defects with small (1 mm) 
ovoid central barium collections. The distal-most terminal ileum (arrowheads) is 
narrowed and has nodular folds. Despite the narrowing, no obstruction for the 
flow of liquid barium suspension is seen. This imitates reality; liquid succus 
entericus can pass through relatively tight narrowings of Crohn's disease 
without obstruction. 


Fig. 7.24 Mesenteric border ulcer in patient with Crohn’s disease. Spot 
radiograph from small bowel follow-through. A 2 cm in length linear barium collection 
(thick arrow) is an ulcer on the mesenteric border of the distal terminal ileum. 
Mucosal nodularity (thin arrows) is seen opposite the ulcer. Folds are thickened in the 
ileocecal valve (arrowhead). Cobblestoning is seen in the ascending colon (arrow — C). 


Fig. 7.23 Mucosal granularity in Crohn’s disease. Spot radiograph from 
small bowel follow-through. Two loops of pelvic ileum show mildly thickened 
folds with tiny nodular contours (arrows). En face, tiny nodules represent villi 
enlarged by edema and inflammation. 


cobblestoning, seen both pathologically and during barium 
studies.” None of these findings is seen at CT. 

Aphthoid ulcers are small areas of epithelial denudation 
overlying lymphoid aggregates at the junction between mucosa 
and submucosa. Radiographically, small 1-2 mm barium-filled 
craters are seen (see Figs. 6.23, 6.25, and 7.22). The underlying 
inflammatory process appears as a tiny submucosal hemi- 
spheric elevation surrounding the ulcer. Villi are enlarged by 
the inflammatory process in the lamina propria, appearing as a 
reticular network of barium-filled grooves separating 0.5-1 
mm angulated nodules (this has been termed a “granular 
pattern”) (Fig. 7.23). A granular pattern is not specific for 
Crohn’s disease, as any disorder that enlarges villi can result in 
mucosal granularity.” 

Shallow linear ulcers are seen on the mesenteric border, 
manifested as a thick, barium-filled line, flattening the mesen- 
teric wall (Fig. 7.24).°° The asymmetric inflammatory process 
pulls smooth folds toward the ulcer. The opposite wall is 
sacculated. 

An intersecting transverse and longitudinally oriented pat- 
tern of thin, knife-like clefts results in “cobblestoning” 
(Fig. 7.25). The cobblestones are the relatively intact mucosa 
between the clefts. The clefts penetrate a variable distance into 
the bowel wall; deeper clefts result in fissures and fistulas. 

With more severe disease, a transmural inflammatory pro- 
cess develops, typically in a perilymphatic distribution.*? 
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Fig. 7.25 Cobblestoning in patient with Crohn’s disease. A. Spot radiograph of the ileum from enteroclysis shows numerous areas of cobblestoning 
(arrowheads). Transversely (short thin arrow) and longitudinally (long thin arrow) oriented barium-filled knife-like clefts (deep, thin, penetrating ulcers) separate 
oblong islands of relatively non-ulcerated mucosa. B. Spot radiograph of pelvic ileum from small bowel follow-through obtained with the patient in a prone position 
(the cecum (C) is identified). Two areas of cobblestoning are identified by arrowheads. 


Fig. 7.26 
Postinflammatory 
(filiform) polyps in 
patient with Crohn’s 
disease. Spot radiograph 
ileum from enteroclysis 
shows several areas of 
mid ileum (I) with a 
paucity of folds due to 
prior inflammation. 

Thin, tubular polyps 
(arrowheads) are seen in 
the shallow barium pool. 
Some of these polyps 
have clubbed heads 
(thin arrows). 


Submucosal edema and inflammation contributes to fold 
thickening. Luminal narrowing may be due to spasm, inflam- 
mation, fibrosis with bowel wall narrowing, and shortening 
(see Fig. 6.24). The luminal narrowing is usually variable during 
the study. Luminal narrowing in Crohn’s disease often does not 
cause small bowel obstruction, as large volumes of liquid succus 
entericus can pass through relatively tight small intestinal nar- 
rowings. Small bowel obstruction often occurs when angulation 
and twisting of bowel related to mesenteric inflammation is 
associated with luminal narrowing. Radiographically, dilated 
intestine proximal to the narrowing and delayed transit are 
better indicators of obstruction than luminal narrowing alone. 
Shortening of the bowel may bunch the fat in the submucosa 
leading to “prominent” submucosal fat seen at CT.*” 

Islands of relatively preserved mucosa between areas of ulcer- 
ation appear falsely elevated, such as cobblestones. Inflamed 
mucosa that is elevated is termed an “inflammatory polyp.” 
When ulceration heals, islands of normal, inflamed, or 


Fig. 7.27 lleosigmoid fistula in patient with Crohn’s disease. Spot 
radiograph from small bowel follow-through obtained with the patient in a 
prone position demonstrates two barium-filled mesenteric border ulcers 
(arrows) and sacculation of the wall (arrow — S) apposing the ulcers. A fistula 
(arrow — F) from the ileum to the distal sigmoid colon is associated with abrupt 
angulation of the sigmoid colon. The rectum (R) is identified. 


hyperplastic/reparative mucosa that lie above the mucosal sur- 
face are termed postinflammatory polyps. Postinflammatory 
polyps may appear pedunculated, ovoid, or filiform in shape 
(Fig. 7.26). 

Fissures extending into adjacent fat are the precursors of 
fistulas. Ileocecal and ileosigmoid fistula (Fig. 7.27) are the 
most common fistulas found in Crohn’s disease, manifested 
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Fig. 7.28 Ye-sinia 
enteritis. Spot 
radiograph from double 
contrast barium enema — 
shows smooth, round to 
ovoid, radiolucent 
nodules of varying sizes 
(representative nodules 
identified by arrowheads) 
in the terminal ileum. This 
patient had about 10 
days of diarrhea and 
cultures eventually 
positive for Yersinia. 


ae 


as thin, barium-filled tracks between bowel loops. Small intes- 
tinal fistulas not infrequently extend to the skin (see Fig. 6.30), 
vagina, urinary bladder, or other small bowel loops. 

CT better demonstrates the late stages of Crohn’s disease 
including mesenteric inflammation, abscess formation, and 
adenopathy.***? 


Yersinia enterocolitis 


Yersinia are ingested gram-negative cocci that invade ileal 
epithelial cells, enter lymph tissue in the lamina propria and 
submucosa, and spread to mesenteric lymph nodes. Ileitis, 
colitis, mesenteric adenitis, periappendicitis, and hemolytic- 
uremic syndrome are direct results. 

Distant spread can result in hepatitis, ankylosing spondy- 
litis, and lung and renal infections. 

Barium studies performed within several weeks of infection 
demonstrate aphthoid ulcers and thickened folds. Studies per- 
formed more than several weeks after infection demonstrate 
mucosal nodularity (Fig. 7.28), thickened folds, or lymphoid 
hyperplasia.“ In contrast to Crohn’s disease, no moderate to 
severe luminal narrowing, fissures, or fistula are seen. Inflam- 
mation resolves within 4-6 weeks. 


Tuberculosis 


Intestinal tuberculosis is uncommon in the West, seen 
mainly in patients who are immunosuppressed or immi- 
grants. The ileocecal region is predominantly involved, but 
spread into the ascending and transverse colon may occur. 
Acutely, perpendicularly, stellate, or longitudinally 3-6 mm 
in length ulcers with heaped up margins are seen.*’ Later, 
short or long strictures associated with nodular mucosa 
are seen, predominately in the ascending colon and cecum 
(Fig. 7.29). Sinus tracks and fistulas develop. Classically, 
Western tuberculosis is differentiated from Crohn’s disease 
by a dominance of radiographic findings in the ascending 


Fig. 7.29 Tuberculosis 
of terminal ileum and 
right colon. Spot 
radiograph from per-oral 
pneumocolon. The 
terminal ileum joins the 
small, scarred cecum (C) 
from the right paracolic 
gutter. Mild mucosal 
granularity (arrow G) 
reflects mild 
inflammation in the 
terminal ileum. Small 
linear ulcers (thin arrows) 
are seen in the terminal 
ileum and ascending 
colon. Sacculation 
(arrowheads) in the 
terminal ileum results 
from scarring. The 
ascending colon (thick 
arrows) is diffusely 
narrowed. Normal distal 
ileum (I) is identified for 
comparison. 


colon, associated with a gaping ileocecal valve with 
thickened lips. In reality, intestinal tuberculosis and Crohn’s 
disease can have similar radiographic findings. Clinical his- 
tory and patient demographics are key to consideration 
of ileocecal tuberculosis. Demonstration of low attenuation 
lymph nodes indicative of caseous necrosis on CT is also 
helpful in diagnosis of ileocecal tuberculosis. 


Inflammatory/infectious diseases primarily 
of the proximal small intestine 


Celiac disease 


Celiac disease (sprue, gluten-sensitive enteropathy) is probably 
an abnormal immune reaction to gliadin, the ethanol-soluble 
fraction of wheat protein. It is postulated that lymphocytes 
sensitized to gliadin produce an immune response that dam- 
ages epithelial cells. In some patients, it is postulated that viral 
antigens homologous to antigens in gliadin can also result in 
celiac disease. The inflammatory reaction occurs mainly in 
duodenal and proximal jejunal mucosa, resulting in loss of 
intestinal villi, crypt hyperplasia, and edema and inflammation 
in the lamina propria. The histologic changes are not specific 
for gluten-sensitivity. Various enteropathies (such as milk or 
soy sensitivity, malnutrition, HIV or other viral infection) may 
result in partial or even complete villous atrophy; therefore, 
diagnosis of celiac disease relies on a positive histologic 
response after gluten withdrawal. 
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Fig. 7.30 Celiac 
disease. Spot radiograph 
of the jejunum from 
enteroclysis shows a 
diminished number of 
folds per inch. The folds 
are smooth and of top 
normal size. (Reproduced 
with permission from 
reference 45.) 


Fig. 7.32 T-cell 
lymphoma in celiac 
disease. Spot radiograph 
of the distal jejunum 
from enteroclysis shows 
thick, undulating, mildly 
nodular folds 
(representative area of 
nodularity identified by 
arrow). 


Elevated antibodies to gliadin are found in about 80% of 
patients; elevated antibodies for IgA tissue transglutaminase 
(anti-tTG, antiendomysial antibody) are found in about 90% 
of patients with celiac disease.“ About 1 in 250 people have 
antigliadin or anti-tTG antibodies, but celiac disease is clinic- 
ally detected in about 1 in 1000 people. 

Enteroclysis is the best radiologic test to confirm or 
refute the diagnosis of celiac disease or to detect intestinal 
complications such as ulcerative jejunoileitis, T-cell lymph- 
oma, or small bowel adenocarcinoma. Loss of villi is a 
microscopic manifestation of loss of surface area. Enterocly- 
sis demonstrates macroscopic loss of surface area in about 
75% of patients, as diminished number of jejunal folds per 
inch (Fig. 7.30).'°*? Whereas normally 4-7 valvulae conni- 
ventes are seen in the proximal jejunum, in most adults with 
celiac disease, 2-4 folds per inch are seen in several jejunal 
loops. A mosaic pattern demonstrating the areae jejuni is 
seen in 10% of patients. A fine reticular pattern of barium- 
filled grooves surrounds submillimeter-sized islands of 


Fig. 7.31 Ulcerative jejunoileitis in patient with celiac disease. Spot 
radiograph from enteroclysis demonstrates one loop of distal jejunum with 
moderately enlarged, mildly nodular folds (arrows) maintaining a 
perpendicular orientation to the longitudinal axis of the lumen. In the more 
proximal jejunum, there are a diminished number of folds (double arrow 
indicates 1 inch; 2-3 folds per inch are seen). (Reproduced with permission 
from reference 18) 


mucosa. An increased number of ileal folds may be found 
as a compensatory response, termed “jejunization of the 
ileum.”** 

When thick, nodular folds are seen in one or several 
segments of jejunum, ulcerative jejunoileitis (Fig. 7.31) or 
T-cell lymphoma is a possibility.'* Broad-based and longitu- 
dinal ulcers may also be seen in ulcerative jejunoileitis. With 
healing of ulcerative jejunoileitis, stricture formation may 
occur. Enteropathy-associated T-cell lymphoma may be 
manifest by thick, nodular folds (Fig. 7.32) or annular or 
cavitary masses similar to the macroscopic form of primary 
B-cell lymphoma. Small bowel follow-through is inferior to 
enteroclysis in the diagnosis of celiac disease or any other 
disease with fold abnormalities, but may show transient 
intussusception due to hypomotility. Other GI complications 
include pneumatosis, lymphadenopathy, cavitary mesenteric 
lymph node syndrome, and hyposplenism, all demonstrated 
by CT. 


Diseases that cause thick folds in the 
proximal small intestine*”’“° 


The valvulae conniventes are composed of mucosa and sub- 
mucosa. Therefore, any disease of the small intestine that 
involves the mucosa or submucosa can cause thick intestinal 
folds.“ The radiologist uses the radiographic findings and 
clinical history to provide a diagnosis or a graded differential 
diagnosis. The age, travel history, chemical, drug or radiation 
exposure, and immune status of the patient is considered. 
A complete diagnosis often depends on biopsy and culture 
data and sometimes surgical exploration. 

Small bowel edema is usually due to elevated portal venous 
pressure from congestive failure or cirrhosis or due to severe 
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Fig. 7.33 Small bowel varices. Spot radiograph of the proximal jejunum 
from small bowel follow-through shows smooth, sinuous folds (arrows) nearly 
parallel to the longitudinal axis of the small bowel. This patient had severe 
portal hypertension. CT demonstrated large mesenteric varices; enteroscopy 
demonstrated varices. 


hypoproteinemia (serum albumin <2g/L) from cirrhosis, 
nephrotic syndrome, or protein-losing enteropathy. This 
smooth fold enlargement usually involves a large portion, if 
not all, of the mesenteric small intestine. 

When proximal small bowel folds are smooth, thick, and 
maintain their perpendicular orientation to the longitudinal 
axis, a vascular disorder such as ischemia (see Fig. 7.18) 
or hemorrhage is the most likely cause, especially if these 
findings are congruous with the clinical history. Thumbprint- 
ing (see Fig. 7.19), in association with the smooth, thick, 
straight folds, will help confirm the diagnosis of ischemia or 
hemorrhage. 

Vascular disorders due to intramural hemorrhage 
(ischemia, trauma, coagulopathy, etc.) usually only involve 
one to several loops of intestine. If a patient recovers clinically, 
fold thickening due to acute ischemia resolves. Patients with 
vasculitis often have a known history of systemic lupus, 
Henoch-Schoénlein purpura, etc. Short segment intestinal 
ischemia can be caused by mesenteric venous obstruction 
due to surgery, adhesions, or mesenteric infiltration by tumor, 
pancreatitis-related fluid, or other inflammatory process. In a 
patient with portal hypertension, if smooth, thick folds are 
undulating and change size or shape, a diagnosis of varices 
may be suggested (Fig. 7.33). 

When enlarged proximal small bowel folds have a finely 
nodular surface, the disease involves the lamina propria or 
epithelium. Villous enlargement is radiographically manifested 
as tiny, barely perceptible nodules (Fig. 7.34). Diseases that 


Fig. 7.34 Large villi and thick folds in Whipple’s disease. Spot radiograph 
of jejunum from small bowel follow-through demonstrates mildly enlarged, 
diffusely nodular folds and focal small nodules (arrows) representing enlarged 
villi en face. 


Fig. 7.35 
Strongyloidiasis. Spot 
radiograph from small 
bowel follow-through 
demonstrates thick folds 
throughout the jejunum. 


enlarge villi usually involve the submucosa and therefore the 
folds are enlarged as well. However, villous abnormality is not 
always obvious, and many infectious or inflammatory dis- 
orders are manifest only by enlarged folds (Fig. 7.35). The 
enlarged folds are often undulating. 

Proximal fold thickening in a patient with AIDS can 
be attributed to a wide variety of infections, such as MAI 
(Fig. 7.36), cyptosporidiosis,*® and isosporiasis. Patients 
who have had upper abdominal radiation such as for pan- 
creatic carcinoma may have smooth, thick folds. Some of 
these folds may be tethered due to radiation serositis. 
Patients who have received chemotherapy with 5-FU or 
5-FUDR may have thick duodenal or jejunal folds due to 
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chemotoxicity (as well as ileitis). This fold enlargement is 
reversible once the chemotherapeutic agent has been 
stopped. 

Thick, nodular proximal small bowel folds may be seen in 
immunocompetent patients with a variety of infections, such 
as giardiasis or strongyloidiasis®® (see Fig. 7.35). In giardiasis, 
the parasite sits in the mucus layer of the distal duodenum and 
jejunum and does not truly affect fold size. Small bowel studies 
are usually normal or have increased intraluminal fluid or 
rapid transit.” Fold size, if enlarged, is falsely thickened 
because the rapid transit prevents barium from accurately 
depicting folds. Patients with strongyloidiasis usually come 
from an endemic area. Patients with tropical sprue have 
usually just returned from the tropics. 


Fig. 7.36 
Mycobacterium 
avium-intracellulare 
enteritis in patient with 
AIDS. Spot radiograph 

of jejunum from small 
bowel follow-through 
demonstrates thick folds. 
Enlarged villi are not 
demonstrated. 


Thick folds are only partially visualized in patients 
with graft-versus-host disease, because the barium rapidly 
traverses the small intestine, resulting in incomplete demon- 
stration of anatomy. The poorly coated and poorly filled 
bowel may have a tubular appearance, said to resemble 
toothpaste (Fig. 7.37). The barium-coated segments of bowel 
show thick, nodular folds (see Fig. 7.37B). Small bowel 
culture is necessary for diagnosis, as many patients with 
allograft bone marrow transplants and graft-versus-host dis- 
ease have CMV enteritis as the cause of thick small bowel 
folds." 

Patients with primary lymphangiectasia will be identified 
by the clinical history and physical findings. Dilated lacteals in 
the lamina propria often result in villous enlargement 
(Fig. 7.38). Edema in the submucosa results in thick folds.°”*? 
Secondary lymphangiectasia results from obstruction of mes- 
enteric lymphatics and lymph nodes from mesenteric lymph- 
oma, radiation therapy, or in disorders that also affect the 
valvulae conniventes such as Whipple’s disease or primary 
lymphangiectasia. 

Patients with Whipple’s disease are typically middle-aged 
white males with arthralgia, pleural and pericardial effusions, 
or CNS symptoms. Villi are enlarged, as the lamina propria is 
expanded by macrophages packed with degenerating Tropher- 
yma whippelii bacilli. The bacteria and bacteria-laden macro- 
phages obstruct larger order lymphatics and lymph nodes, 
resulting in secondary lymph stasis and secondary lymph- 
angiectasia. This leads to further villous enlargement and sub- 
mucosal edema with thick valvulae conniventes.°* Lymph 
stasis results in low attenuation lymphadenopathy at CT, and 
helps suggest a diagnosis of Whipple’s disease. Low attenu- 
ation lymph nodes are not pathognomonic for Whipple’s 
disease, as they are also detected in patients with treated 


Fig. 7.37 Graft-versus-host disease. A. Spot radiograph of ileum demonstrates diffusely narrow bowel, the so-called “toothpaste” appearance. Focal mucosal 
nodularity (arrows) is seen. B. Spot radiograph of jejunum in the same patient demonstrates diffusely enlarged, nodular folds. Minimal luminal narrowing is seen. 


No cytomegalovirus was cultured. 
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Fig. 7.38 Primary lymphangiectasia. Spot radiograph of jejunum from 
enteroclysis demonstrates mildly enlarged, slightly irregular folds. In several 
areas, tiny nodules are seen en face (representative areas identified by 
arrowheads). The nodules represent enlarged villi en face, distended by dilated 
lacteals and edema/lymph in the lamina propria. 


Fig. 7.40 Lymphoid hyperplasia of ileum in patient with common variable 
immunodeficiency. Spot radiograph of mid jejunum from small bowel follow- 
through shows numerous 1-2 mm round radiolucent elevations (arrowheads) 
separated by normal mucosa. Umbilical jewelry could not be removed. 


lymphoma, testicular carcinoma, or early cavitary mesenteric 
lymph node syndrome in celiac disease. 

Jejunal fold thickening in a patient with known celiac dis- 
ease suggests that a complication such as ulcerative jejunoileitis 
or T-cell lymphoma has occurred (see Fig. 7.32). The fold 


Fig. 7.39 Mastocytosis involving terminal ileum. Spot radiograph of 
terminal ileum from small bowel follow-through shows two areas of thick 
nodular folds (arrows). The patient had a 7-year history of mastocytosis and 
had recently developed diarrhea. 


enlargement is often focal, but is associated with mucosal atro- 
phy elsewhere in the intestine manifested as a diminished 
number of folds per inch. Duodenal fold thickening in a patient 
with celiac disease can be attributed to the inflammatory effect 
of gastric acid on atrophic duodenal mucosa. Some elderly 
patients, however, present with enteropathy-associated lymph- 
oma, attributed to previously undiagnosed celiac disease. 

Long segment mucosal nodularity (nodules 3-4 mm or 
greater) is seen in patients with mantle cell lymphoma, lymph- 
oma related to immune proliferative small intestinal disease 
(IPSID), mastocytosis (Fig. 7.39), or amyloidosis. In patients with 
macroglobulinemia or mastocytosis, the clinical history is usually 
known. All forms of amyloidosis may cause fold thickening. 
Vascular deposition of amyloid may cause ischemia with ulcer- 
ation and fold thickening. Deposits of amyloid in the lamina 
propria cause villous enlargement radiographically.” AL amyl- 
oid deposition in the submucosa results in 4-10 mm nodules. 

The lymph tissue of the small bowel is primarily located 
in the intraepithelial lymphocytes, lymph aggregates span- 
ning the muscularis mucosae (Peyer’s patches), and in the 
mesenteric lymph nodes. Normal Peyer’s patches appear 
radiographically as smooth, round, 1-2 mm nodules in the 
terminal ileum. This is why small intestinal diseases that 
primarily affect lymphatic aggregates (Crohn’s disease, 
lymphoma, etc.) are seen mainly in the distal small bowel. 
Expansion of the normal lymphoid follicular pattern in the 
terminal ileum is seen in infectious diseases and in immuno- 
deficient states, such as common variable immunodeficiency 
(Fig. 7.40). 
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hn. 


Fig. 7.41 Meckel’s diverticulum. Spot radiograph of distal ileum from 
enteroclysis demonstrates a 2 cm triangular-shaped sac (M) arising from the 
antimesenteric border. The neck of the diverticulum is thick (arrow). At 
pathology, ulceration and fibrosis were seen in the neck, but no ectopic gastric 
epithelium was identified. 


Sacculations of the small intestine 
Meckel’s diverticulum 


The omphalomesenteric duct (vitelline duct) connects the yolk 
sac to the ileum. Failure of obliteration of the portion of the 
vitelline duct in contiguity with the ileum results in Meckel’s 
diverticulum, a congenital abnormality found in about 2-4% 
of people. Gastrointestinal bleeding due to acid secretion by 
ectopic gastric mucosa is the most common presentation in 
children. Most adults with Meckel’s diverticulum have no 
symptoms. However, pain or perforation may result from 
diverticulitis due to twisting, enterolith formation, or pancrea- 
titis from ectopic pancreatic tissue. Obstruction may result 
from volvulus around the obliterated vitelline duct, trapping 
of the diverticulum in an inguinal hernia, or intussusception 
due to inversion of the sac. Radiographically, a blind-ending 
sac, varying from 2 to 15cm in length, is found on the anti- 
mesenteric border of the distal ileum (Fig. 7.41).°°°” The neck 
of the diverticulum is narrow or broad-based, with thin folds 
radiating to its opening. An inverted diverticulum mimics a 
polypoid mass (Fig. 7.42) or an intussuscepting polypoid 
mass. 


Jejunoileal diverticulosis 


Small intestinal diverticula are 1-7 cm acquired herniations of 
mucosa through sites of bowel wall weakness: the arterial 
perforators on the mesenteric border or the papilla of Vater. 
Small intestinal diverticula are found in about 2% of indi- 
viduals, most frequently in the duodenum from the papilla of 
Vater distally and in the proximal jejunum. The necks of the 
diverticula can be narrow or broad-based, with folds radiating 
into the necks but not extending deep into the sacs 
(Fig. 7.43). Air-fluid levels are found when patients are 
placed in an erect position. Diverticula are best seen early in 
the examination, before the diverticula are obscured by overlap- 
ping loops or other barium-filled diverticula (Fig. 7.44). Some 


Fig. 7.42 Inverted 
Meckel’s diverticulum. 
Spot radiograph of distal 
ileum from enteroclysis 
demonstrates a smooth 
1-1.5 cm in thickness by 
6cm in length 
radiolucent filling defect 
(arrowheads) in the 
lumen. The neck of the 
diverticulum (arrow) 
mimics the stalk of a 
polyp. No 
intussusception was seen 
at this time. (Reproduced 
with permission from 
reference 58) 


Fig. 7.43 Jejunal diverticulosis. Low-magnification spot radiograph of the 
jejunum demonstrates about 20 jejunal diverticula. Smooth folds (arrow) radiate 
into the neck of one diverticulum (D). 


patients have an associated motility disorder, manifested as 
diminished peristalsis and slow transit time. 

Diarrhea or malabsorption is the most frequent com- 
plication, related to stasis with bacterial overgrowth. Diver- 
ticulitis can cause gastrointestinal bleeding, obstruction, 
perforation, or abdominal pain. Diverticula on CT are mani- 
fested as sacculation of the intestinal contour, air-fluid levels 
in the sacs, lack of valvulae conniventes in the sacs, and 
demonstration of the necks of the sacs.°’ Diverticulitis is 
manifested as pneumatosis of the sac (see Fig. 7.44C), 
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Fig. 7.44 Value of early images in jejunal diverticulosis. A. Low-magnification spot radiograph of the jejunum performed early during the barium filling phase 
of enteroclysis. Diverticula are clearly seen, separated from the proximal jejunum. B. Later in the same examination the diverticula are so large and numerous 
that the anatomy of the intestine is obscured. C. Axial image from CT performed several months later while the patient had acute abdominal pain. Pneumatosis 
is seen in one diverticulum as a curvilinear air collection (arrows) paralleling the contrast-filled lumen of a diverticulum. Numerous diverticula (d) are identified as 


round sacs with air contrast levels. 


Fig. 7.45 Scleroderma 
with “hidebound” 
bowel. Spot radiograph 
of mid ileum from small 
bowel follow-through. 
Compare the relative 
normal-sized loop 
(arrowhead) with the 
massively dilated loop 
(arrows). Despite the 
marked dilatation, the 
valvulae conniventes are 
tightly packed, due to 
scarring in the muscularis 
propria. 


mesenteric stranding and fluid collections, or true abscess 
formation in the small bowel mesentery.” 


Scleroderma 


In progressive systemic sclerosis, damage to the vasa vasorum 
and vasa nervosa results in smooth muscle damage and 
myenteric plexus damage with subsequent small intestinal 
hypomotility. Radiographically, the hypomotility is manifested 
as prolonged intestinal transit time, luminal dilatation, and 
increased intraluminal fluid. As is possible in any disorder of 
small intestine associated with hypomotility, transient intus- 
susception and pneumatosis intestinalis with possible pneu- 
moperitoneum may be seen. As collagen replaces smooth 
muscle, the bowel is shortened and sacculated. Thus, despite 
luminal distention, the small bowel is shortened and the folds 
are crowded together (Fig. 7.45), the so-called “hidebound 
bowel.”®* Folds remain of normal width, unless ischemia inter- 
venes. Asymmetric muscle scarring results in sacculation 
(Fig. 7.46), most frequently on the mesenteric border. 
Sacculation is found in any intestinal disease complicated 
by a desmoplastic reaction to inflammation or infiltrating 


Fig. 7.46 Sacculation 
in scleroderma. Spot 
radiograph of the mid 
ileum shows sacculations 
(arrowheads) opposite 
folds tethered toward the 
antimesenteric border. 


tumor. Sacculation is found in Crohn’s disease opposite mes- 
enteric border ulceration or scarring. Healed ischemia from 
any cause, including radiation enteropathy, may heal with 
sacculation. Sacculation of bowel may be seen opposite intra- 
peritoneal metastases. Presumed in utero ischemia resulting in 
scarring may result in focal bowel dysmotility, dilatation, and 
sacculation, termed ileal dysgenesis (Fig. 7.47). 


Hernias 


A hernia is a piece of omentum, mesentery, bowel, or solid 
organ that goes through a site of anatomic weakness into a 
space where it should not be. An incarcerated hernia means 
that the hernia cannot be reduced by physiological or extrinsic 
physical pressure. Although tissue in an incarcerated hernia 
may develop ischemia or obstruction, incarceration does not 
necessarily mean that these complications are present. Stran- 
gulation means that blood flow is diminished, resulting in 
disease of varying severity, from edema to ischemia to necrosis 
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Fig. 7.47 lleal 
dysgenesis. Spot 
radiograph of the right 
lower abdomen from a 
small bowel follow- 
through shows an ileal 
loop with two 
sacculations (I) and folds 
radiating to the 
mesenteric border. 

No peristalsis was seen 
in this region. The 
remainder of the bowel 
was normal. 


to perforation. In an open-loop obstruction, the proximal intes- 
tine is open, and the obstruction can be decompressed by 
vomiting or by intubation. In a closed-loop obstruction, fluid 
and gas accumulate in the closed loop, compromising blood 
flow with possible infarction and perforation. 

Hernias occur at sites of weakness in the abdominal wall, 
where only fascia and peritoneum separate the viscera from the 
skin. Internal hernias occur at sites of mesenteric or omental 
weakness or beneath congenital or postoperative adhesive 
bands. 

Inguinal hernias are the most common anterior abdominal 
wall hernia. Inguinal hernias are more common in men (about 
7:1); femoral hernias are found more commonly in women (1.8:1) 

Direct inguinal hernias are bulges in the lower anterior 
abdominal wall at Hesselbach’s triangle, bounded medially by 
the rectus abdominis, laterally by the inferior epigastric vessels, 
and superiorly by the inguinal ligament.** The herniation 
occurs inferiorly, where this area is only supported by periton- 
eum and the transversalis fascia. 

Indirect inguinal hernias transverse the deep inguinal ring, 
lateral to the inferior epigastric vessels. In most patients, the 
processus vaginalis is patent, opened by elevated intra-abdom- 
inal pressure from causes such as pregnancy, coughing, and 
physical exertion. In men, the hernia follows the spermatic 
cord and may enter the scrotal sac. In men with an indirect 
inguinal hernia, the distal ileum typically herniates through the 
right inguinal canal into the scrotal sac (Fig. 7.48). In women 
with an indirect internal hernia, the small intestine can follow 
the round ligament into the labium majus. 

Defects in the linea alba lead to epigastric hernia and 
umbilical and periumbilical hernias. Epigastric hernias usually 
only contain fat, only rarely portions of the stomach. 

Spigelian hernias arise below the line of Spigel (the semi- 
lunar line). Above the semilunar line, the aponeurosis of the 
internal oblique muscle splits to surround the rectus abdom- 
inis. Inferior to the line of Spigel, the aponeuroses of the 
internal oblique and transversus abdominis pass anterior to 
the rectus abdominis, resulting in a weak area just lateral to the 
rectus. Spigelian hernias usually contain only omentum, but 
may contain small bowel or colon. 


Fig. 7.48 Ileum in 
right inguinal hernia. 
Cross-table overhead 
radiograph from double 
contrast barium enema 
with patient in right side 
down position (a right 
decubitus view). The 
cecum (C) and appendix 
are superior to the right 
iliac crest. Several loops 
of pelvic ileum (I) are 
seen lateral and inferior 
to the rectum, in the 
right inguinal canal. 


Fig. 7.49 Incisional 
hernias seen in lateral 
view. Spot radiograph of 
anterior abdominal wall 
(identified by wire 
sutures — thin arrows) 
from small bowel follow- 
through. There is a 5cm 
hernia of ileum (H) 
through the anterior 
abdominal wall and a 
smaller 2cm hernia 
superiorly (thick arrow). 


Obturator hernias occur at the superolateral corner of the 
obturator fossa, at the site of penetration by the obturator 
nerve and vessels. 

The small intestine may herniate at any site of weakness. 
Radiographically, a loop or group of loops extends outside 
the expected confines of the peritoneum. The loop(s) show 
smooth extrinsic mass compression at the entry and exit 
sites. Hernias through the anterior abdominal wall are best 
detected with the patient in a lateral view (Fig. 7.49), often 
while performing a modified Valsalva maneuver to increase 
abdominal pressure. Inguinal hernias are often best found 
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Fig. 7.50 Adhesions, pelvic ileum. Spot radiograph from small bowel follow- 
through shows the mesenteric border of a right pelvic ileal loop tethered to 

a central point. Smooth, thin folds are pulled toward the mesentery (arrow). 
The opposite walls are sacculated. 


with the patient in a prone, erect, or erect/lateral position. 
This is why almost all patients undergoing small bowel 
studies should be viewed in a lateral and prone position. As 
the patient is taken off the table, the pelvic loops are viewed 
with the patient in a standing position, if possible. Any 
patient with a suspected small bowel obstruction should be 
imaged in the lateral position, even if it means physically 
turning the patient. 


Postoperative small bowel 
Adhesions 


Fibrous or fibrinous adhesions between the serosa of bowel 
loops or between bowel loops and the peritoneal surface are 
the most common cause of small bowel obstruction. Previous 
abdominal surgery accounts for most adhesions. However, 
any cause of peritoneal inflammation such as radiation ther- 
apy, ischemia with perforation, or previous diverticulitis or 
appendicitis can result in adhesions. In the immediate post- 
operative period, small bowel obstruction is usually due to 
recurring adhesions (90%), internal hernia (7%), or abscess 
formation. 

A barium study demonstrates an abrupt transition zone 
between dilated and non-dilated bowel. A sharp, straight, or 
curved edge and abruptly angulated bowel are typically seen at 
the transition zone. The mucosa is smooth; the folds are 
preserved, though tethered (Fig. 7.50). In some patients, the 
extrinsic mass effect of the band is seen, manifested as a thin 


\ i vA 
Fig. 7.51 Adhesion, pelvic ileum. Spot radiograph from enteroclysis 
shows the transition zone from a dilated ileal loop (I) to a collapsed loop (i). 


The ileum is abruptly angulated and narrowed at the site of adhesion (arrow). 
The folds are preserved. 


radiolucency crossing the lumen between dilated and non- 
dilated bowel. In moderately high-grade obstruction, a beak- 
like or round end may be seen (Fig. 7.51). Diagnosis of adhe- 
sions is presumptive, based on lack of demonstration of thick 
or nodular folds or extrinsic mass effect. Any mucosal or fold 
abnormality at a site of tethering is suspicious for metastatic 
disease in patients with a history suggesting the possibility of 
intraperitoneal metastasis. 


Short bowel 


The radiologist may be asked to demonstrate how much 
bowel remains after extensive small intestinal surgery results 
in diarrhea or malabsorption (Fig. 7.52). The radiologist 
documents continuing presence or reoccurrence of the ori- 
ginal disease (Crohn’s disease, radiation damage, ischemia 
related to volvulus, strangulated hernia, etc.) or the presence 
of complications such as postoperative adhesions or anasto- 
motic strictures. The remaining small bowel may compensate 
for loss of original surface area by increasing fold width and 
height. 


Enteroenterostomy 


Small intestinal anastomoses are most frequently created 
end-to-end or side-to-side. Finding an end-to-end anasto- 
mosis is difficult unless a staple line or thin, waist-like ring 
narrowing is seen. Side-to-side anastomoses are found when 
a dilated “segment” of bowel has folds radiating toward a 
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Fig. 7.52 Short gut syndrome due to jejunoileal bypass. Overhead 
radiograph from a small bowel follow-through shows only 3-4 loops between 
the duodenal-jejunal junction and the terminal ileum. No recurrence of the 
disease (ischemia) that caused the short gut is seen. 


Fig. 7.54 Stricture at 
ileoileostomy. Spot 
radiograph from 
enteroclysis 
demonstrates that the 
lumen of a side-to-side 
ileoileostomy (arrow) is 
about 4mm, resulting in 
very low-grade 
obstruction for the flow 
of succus entericus. 


2-3 mm central linear lucency. The dilated “segment” is the 
two loops of the anastomosis side by side and the lucency is 
the anastomotic line. The stumps of the adjacent intestinal 
loops may be visible or obscured by adjacent bowel. Obstruc- 
tion at the anastomosis is manifest as dilatation of the 
upstream intestinal loop and narrowing or adhesive angula- 
tion. The radiologist looks for recurrence of the disease 


Fig. 7.53 Recurrent Crohn’s disease at ileoileostomy. Spot radiograph 
from a small bowel follow-through. The ileum proximal (P) and distal (D) to a 
side-to-side ileoileostomy are identified. The stump of the proximal limb of the 
anastomosis (Sp) and of the distal limb (Sd) are labeled. Recurrent Crohn's 
disease is manifest in the anastomosis as mucosal nodularity. Just distal to the 
anastomosis there is a mesenteric border ulcer (arrows) and sacculation 

of the wall opposite the ulcer. 


that originally resulted in the anastomosis (Fig. 7.53). Post- 
operative fibrosis resulting in an anastomotic stricture is 
manifested as luminal narrowing associated with preserva- 
tion of mucosal folds (Fig. 7.54). 


lleal pouches after total colectomy and pouch leaks 


Total colectomy with creation of an ileal reservoir and ileoanal 
anastomosis is performed in patients with ulcerative colitis and 
familial adenomatous polyposis. While several shapes of reser- 
voirs have been made (J, S, W shapes), a J-shaped pouch is 
usually favored for its relative ease of construction, ease of 
emptying, and lack of a potentially obstructing limb. The 
components of the pouch include a long side-to-side 
anastomosis after folding the distal-most ileal loop. 
A stump of varying length is seen. The pouch is anas- 
tomosed to the distal-most rectum, preserving the anal 
sphincter and patient continence. A mucosectomy of the 
distal-most remaining rectal mucosa may be performed, 
especially in patients with FAPS. A diverting ileostomy is 
usually performed proximal to the pouch, allowing the 
pouch to heal for 6 weeks or more before closing the 
ileostomy. 

Early complications include leaks at the ileoanal anasto- 
mosis, the vertical staple lines of the pouch, or the pouch 
stump. Remote complications include adhesions, stricture for- 
mation at the ileo ileostomy, pouchitis, anastomotic strictures, 
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Fig. 7.55 Water-soluble contrast enema performed 6 weeks after total colectomy with ileoanal anastomosis and J pouch formation, prior to ileostomy 
takedown. A. Spot radiograph with patient in the left side down, lateral position. The Foley catheter is placed in the anal canal (thick arrow). During early filling, the 
folds of the J pouch are seen. One of the junction lines between the two segments of ileum forming the pouch is manifested as a longitudinally oriented tubular 
lucency (thin arrow). B. When no leak is demonstrated at the ileoanal anastomosis, the Foley catheter tip (thick arrow) is advanced into the J pouch. The ileoanal 
anastomosis (thin arrowhead) is better distended. The pouch is of greater diameter. The stump of the J pouch (thick arrowhead) and the ileum proximal to the 

pouch (thin arrows) are identified. C. Spot radiograph obtained with the patient in a supine position (before catheter is advanced into pouch and before image B). 
The small amount of rectum that remains is distended (the term ileoanal is slightly a misnomer and could be ileo-distal-most rectal). The ileoanal anastomosis 


and staple line are identified (arrowheads). The J pouch is distended. 


and fistulas. Some patients originally operated upon for ulcera- 
tive colitis develop distal ileal Crohn’s disease, an indicator of 
the difficulty of distinguishing Crohn’s colitis from ulcerative 
colitis in some patients. In the early postoperative period, 


Fig. 7.56 Crohn’s disease in ileum just proximal to J pouch. This patient 
had undergone a total colectomy with ileoanal anastomosis and J pouch 
formation 10 months previously, reportedly for chronic ulcerative colitis. Spot 
radiograph from small bowel follow-through. The ileum just proximal to the 

J pouch shows thick, nodular mucosa (long arrows) and scattered aphthoid 
ulcers (arrowhead). The folds of the J pouch are thickened (short arrows). While 
the J pouch changes are not specific and can be attributed to pouchitis, the 
distal ileal changes were pathologically diagnosed as Crohn’s disease. In 
retrospect, this patient originally had Crohn's disease. 


water-soluble contrast is injected via a Foley catheter placed 
in the anal/rectal canal distal to the anastomosis, then inserted 
further into the J pouch (Fig. 7.55). In the remote postopera- 
tive period, barium is injected (Fig. 7.56). 
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Preparation for barium enema 


A wide variety of regimens are available for colonic cleansing 
prior to any form of radiologic or endoscopic evaluation.’~* 
The variety reflects the imperfections of colonic cleansing. We 
do not use techniques such as cleansing enemas or one gallon 
oral solutions that leave large fluid residues in the colon. The 
residual fluid ruins barium preparations. 

At the Hospital of the University of Pennsylvania, patients 
are placed on a clear liquid diet for 24 hours the day before the 
examination, in an effort to reduce non-digested solids. Patients 
are encouraged to drink at least 64 ounces of fluid to help avoid 
dehydration induced by the preparation. In the early evening 
(5 pm), the night before the examination, the patient drinks 
16 ounces of magnesium citrate, as an osmotic cathartic colonic 
“flush.” Later in the evening prior to the examination (10 pm), 
the patient takes four 5mg bisacodyl tablets (Dulcolax) that 
stimulate colonic contraction when the medication reaches the 
cecum. The patient does not eat or drink after midnight. Early 
during the morning of the examination, a bisacodyl suppository 
is given per rectum. Insulin-dependent diabetics should have 
their insulin dose decreased or eliminated. 

The standard preparation at our institution works well in 
outpatients who are mobile and have normal colonic motility. 
Patients with colonic hypomotility due to drugs (opiates, anti- 
cholinergics), myopathy such as scleroderma, neuropathy such 
as diabetes, or chronic immobility (inpatients, nursing home 
patients, paraplegics, etc.) may not be adequately cleansed by 
any form of 1-day preparation. 

In patients with moderately or severely active inflamma- 
tory bowel disease, a full colonic preparation may irritate the 
colon. Therefore, in these patients, colonic preparation may be 
performed with 48-72 hours of clear liquids and a mild 
osmotic cathartic such as milk of magnesia. 

Patients with moderate to severe obstruction suggested by 
physical examination or plain radiograph do not receive an 
oral prep, but may receive cleansing enemas. Therefore, in 
patients with suspected colonic obstruction, the colon is often 
examined with less than full preparation. 


Timing of examination 


Unless emergent, a barium enema should not be performed 
within 7 days of polypectomy, large forceps biopsy, or any other 
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: : 9-10 
procedure that may cause a rent in the colonic mucosa. 


Barium enema performed immediately after procedures that 
damage the colonic mucosa may result in retroperitoneal or 
intraperitoneal colonic perforation. 


Preliminary abdominal radiograph 

A preliminary digital radiograph is obtained by the radiologist 
immediately prior to any colonic study." If the image displays 
findings of fulminant colitis (“toxic megacolon”), the barium 
enema should be postponed (Fig. 8.1). If this image shows a 
large amount of fecal debris, a non-emergent study can be 
postponed for another day of prep. Small and even medium 
volumes of particulate feces may not be detected by the scout 
radiograph, however. Frontal, lateral, or oblique, coned-down 
digital images may be obtained to better demonstrate staple 
lines, small gallstones, or renal calculi. 


Rectal examination 


A rectal examination may be helpful in any patient in whom 
the clinical history suggests that enema tip insertion may be 
difficult, for example a patient with a history of anal/distal 
rectal stricture or fistula due to Crohn’s disease.'* A rectal 


Fig. 8.1 Scout 
radiograph of the colon 
shows marked diffuse 
distention of the colon 
and rectum. Nodular 
mucosa is present in the 
ascending (arrow) and 
transverse colon. This 
patient with a history 
of ulcerative colitis 

has fulminant colitis, 
so-called “toxic 
megacolon.” 
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Fig. 8.2 Spot 
radiograph of the 
descending colon from a 
double contrast barium 
enema demonstrates the 
luminal contour as a 
dense white line (arrows). 
The mucosal surface seen 
en face is smooth. 


examination may also be helpful to assess anal sphincter func- 
tion. Detection of poor anal sphincter tone indicates a single 
contrast enema may be a more effective examination. Patient 
mobility can be tested by having the patient turn on the 
radiographic table top. 

Non-latex gloves are preferred for rectal examination, as 
anaphylactic reactions to latex in gloves or in rectal tip bal- 
loons have been reported.'** If a latex glove must be used, 
inquire about latex allergies. 


Colonic relaxation 


Use of a colonic relaxing agent makes contrast enema more 
comfortable.'*'” One milligram of glucagon is slowly admin- 
istered intravenously over a 60 second interval to induce 
colonic hypotonia. Intravenous glucagon enables better 
colonic distention, improving radiographic detection of 
lesions. 

Rapid injection of glucagon may cause colonic cramps, 
nausea, or even dry-retching. Contraindications to glucagon 
include a history of prior hypersensitivity reaction to glucagon, 
pheochromocytoma, or insulinoma. The anticholinergic agent 
Buscopan used in Europe for colonic hypomotility is not 
approved in the United States. 


Choice of examination 


A double contrast (air contrast) barium enema is performed in 
outpatients with suspected polyps, non-obstructing carcinoma, 
diverticular disease, or mild inflammatory bowel disease. 
A double contrast examination images the luminal contour 
in profile and the mucosal surface en face (Fig. 8.2). The 
radiologist looks for alteration of the luminal contour, inclu- 
ding disappearance of the contour, or protrusion of the con- 
tour into or out of the bowel. The barium pool is examined for 
filling defects, indicating an elevated lesion. Alterations of the 


Fig. 8.3 En face 
mucosal detail. 

A pedunculated 
tubulovillous adenoma is 
demonstrated on a spot 
radiograph of the 
sigmoid colon as a 3cm 
coarsely lobulated area 
(long arrows) coated by 
barium. Fine tumor 
lobules are seen en face 
as 1-2 mm 
radiolucencies outlined 
by barium in interstices 
between the nodules 
(arrowheads). The 
smooth, triangular- 
shaped pedicle of normal 
mucosa is identified by 
short arrows. 


en face mucosal detail include barium lines or barium collec- 
tions that should not be present (Fig. 8.3). 

A single contrast barium examination is preferred in 
patients with colonic obstruction suspected by plain radiograph. 
Some surgeons prefer that a patient with a suspected high-grade 
obstruction receive a water-soluble contrast enema to avoid 
having residual barium in the colon prior to emergent surgery. 

A barium study is contraindicated in a patient with sus- 
pected colonic perforation. Therefore, patients with suspected 
proximal perforation in the proximal colon should undergo 
a single contrast enema using an iodinated contrast agent 
(e.g., Gastroview or Gastrografin diluted to about 30%). Patients 
with a suspected rectal or sigmoid leak may receive a full- 
strength water-soluble contrast enema via a Foley catheter. 

Patients with poor rectal tone or unable to roll 360 degrees 
should undergo a single contrast examination, with either 
barium or water-soluble contrast, depending on the clinical 
history. Patients who have had incomplete colonoscopy due to 
a redundant colon may receive a double contrast or single 
contrast examination. If this type of patient is elderly, a single 
contrast examination guarantees a look at the colon, no matter 
what the length. If the patient is young, a double contrast 
examination is first attempted. Patients in whom the endosco- 
pist cannot get through a redundant sigmoid colon can often 
have a successful double contrast study. Patients with redun- 
dant transverse or right colons are more difficult to study with 
double contrast technique. 


Enema tip insertion 


After being coated with lubricant, a wide bore enema tip is gently 
inserted into the rectum. This tip has an attached non-latex enema 
balloon/insufflator sponge pad to aid retention and separate wider 
bore blue-colored tube with air bulb to pump air into the rectum 
(an air tip named for Roscoe Miller, M.D.).'* Once the tube passes 
through the anal canal, the tip is directed posteriorly, as the 
rectum parallels the posteriorly located sacrum. We use this tip 
for both double and single contrast examinations and discard the 
large blue insufflator bulb after every use. 
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For single contrast examinations of the postoperative rec- 
tosigmoid colon, rectosigmoid stump, or ileoanal anastomosis/ 
J pouch, a small bore catheter such as a 22 French Foley 
catheter is used. A Foley catheter is also used if an anovaginal 
or rectovaginal fistula is suspected. A Foley catheter is used in 
any patient with a narrow anal canal such as patients with anal 
Crohn’s disease or hidradenitis supporativa. 


Enema tip balloon use 


Routine use of the enema tip balloon is unnecessary in almost 
all outpatients. Encouraging a patient to relax by taking slow, 
deep breaths and the use of intravenous glucagon usually 
allows a patient to hold the barium in the rectum. Elderly 
patients and patients with poor anal sphincter tone may have 
difficulty retaining the barium. The balloon is not inflated 
until contrast has visualized a normal distal rectum and con- 
trast spill from the rectum is proven. We try to avoid using an 
enema tip balloon in patients with rectal cancer or severe 
proctitis, as rectal perforations have been reported with enema 
balloon use. 

If enema balloon distention is necessary, the balloon is 
distended under fluoroscopic visualization. The balloon is 
not greatly inflated and is not used as a cork compressing the 
rectal walls. Instead, the balloon is partially inflated and pulled 
back against the sphincter, acting more as a “ball valve.” 
A single squeeze of the balloon sponge adds about 90-100 ml 
of air into the rectal balloon and is adequate for balloon 
distention. If there is any pain during balloon insufflation, 
the balloon is decompressed. 

Taping the enema tip to the buttocks and gentle traction on 
the enema tube, pulling the balloon against the sphincter, may 
help in difficult cases. Should the use of intravenous glucagon, 
patient encouragement, and the use of the enema balloon fail 


Fig. 8.4 Pedunculated tubular adenoma 
shown best in shallow barium pool. A. Spot 
radiograph of the sigmoid colon shows scattered 
diverticula (arrowhead) and mild circular muscle 
thickening. B. Spot radiograph of the sigmoid 
colon obtained with a shallow barium pool 
demonstrates a 1.3 cm finely lobulated radiolucent 
filling defect (large arrow) attached to a smooth 
triangular radiolucent pedicle (small arrow). The 
same diverticulum shown in A is identified by an 
arrowhead. 


to help a patient hold the barium in the rectum, the examin- 
ation is discontinued. 


Double contrast barium enema 


As with any procedure, there is no one “correct” method for 
performing a double contrast barium enema.” The 
following technique will emphasize the principles in perform- 
ing a study. The radiologist enters the fluoroscopic suite with a 
“game plan” based on the radiology request slip and any other 
information gleaned from the computer database of endos- 
copy, pathology, and operative reports and a review of old 
films, if available. The examination is then tailored to 
information acquired during a brief patient interview. As the 
examination is being performed, the study is altered based on 
the fluoroscopic findings and the patient’s ability to perform 
the examination. 

Barium is much heavier than air. The radiologist moves the 
barium column by gravity, not air insufflation. The patient 
turns into a position that directs the barium column toward 
the dependent area of interest. The radiologist directs the 
patient to turn so the barium column scrubs and coats the 
area of interest, then instructs the patient to roll so the dense 
barium column is removed by gravity from the area of interest 
before a spot radiograph is obtained. 

Some lesions are seen best in a shallow barium pool (Fig. 8.4). 
Other lesions are best demonstrated when the barium pool is 
entirely removed from the image (Fig. 8.5). 

After administration of glucagon and enema tip insertion, the 
patient is turned into the prone position and barium is instilled 
into the colon. In the prone position, the transverse colon is in a 
dependent position, aiding filling of the transverse colon. Barium 
instillation is slow at first, to avoid reflex spasm, relieving rectal 
discomfort, and preventing spill from the rectum. Once the 
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rectosigmoid junction is reached, the enema tube is opened 
completely. If an abnormality is seen during barium filling, spot 
images are obtained (Fig. 8.6). Barium instillation is stopped once 
barium reaches the mid transverse colon. Barium is then drained 


from the rectum and air or carbon dioxide insufflation begins. If 
the radiologist finds that they are consistently spilling too much 
barium into the right colon, barium may only be instilled to the 
ascending limb of the splenic flexure. 

Turning the patient right side down will aid barium move- 
ment to the hepatic flexure. This technique is used in elderly 
patients who cannot turn or in patients in whom the terminal 
ileum or right colon are the main areas of interest, such as 
patients with Crohn’s disease or patients with incomplete 
colonoscopy. The risk of turning the patient to the right side 
down first is that barium in the ascending colon may reflux 
into the terminal ileum, obscuring the sigmoid colon. There- 
fore, in patients who can easily turn on the fluoroscopic table 
top and do not have redundant colons, the patient can be 
turned left side down and onto their back for spot radiographs 
of the sigmoid colon, long before barium reaches the cecum 
and terminal ileum. Once spot radiographs of the sigmoid 
colon are obtained, the patient is then turned right side down 
and barium is moved by gravity into the right colon. 


Fig. 8.5 Lipoma obscured by barium pool. 

A. Spot radiograph of the hepatic flexure obtained 
with the patient in a left posterior oblique position. 
A deep barium pool obscures mucosal detail. 

A subtle smooth radiolucent filling defect and 
abnormal line (arrow) are seen in retrospect. 

B. Spot radiograph obtained with patient in an 
erect, left posterior oblique position. A large lipoma 
is manifested as a smooth-surfaced, elongated area 
of increased density coated by barium (arrows). 
The lipoma, now obvious, has flipped into the 
ascending limb of the hepatic flexure. 


Fig. 8.6 Images during early barium filling 
demonstrating a stricture with nodular mucosa 
due to Crohn’s disease. A. Spot radiograph of the 
rectosigmoid colon obtained during barium 
instillation with the patient in a prone position. 

A short, tapered narrowing (long arrow) is seen, 
with focal coarsely lobulated mucosa (short arrow). 
B. The patient is immediately turned into a supine 
position to demonstrate the narrowing in air 
contrast. Mucosal nodularity is now shown in air 
contrast (long arrow) and in the barium pool (short 
arrow). 


Obtaining adequate barium coating and adequate colon 
distention is critical. The patient is turned 360 degrees from 
one to three times to scrub and coat all walls of the colon. Gas 
is insufflated until the haustral folds are perpendicular to the 
longitudinal axis of the colon and the haustral sacculations 
appear as broad-based arcs, not tight hemispheres. 

The order of spot radiographs is not as important as 
keeping a mental checklist of the segments of colon that have 
been imaged. As long as the radiologist obtains images of the 
sigmoid colon before cecal and ileal filling, images of all 
colonic segments are usually possible. If the transverse colon 
is redundant, dipping into the pelvis, obscuring the sigmoid 
colon, the transverse colon can usually be elevated with com- 
pression. If images of the colon are obtained in a retrograde 
fashion, from rectum to cecum, it is easier to mentally catalog 
what images have been obtained. 

The enema tip is removed as early as possible, bringing 
relief to many patients.*’ However, the enema tip is left in the 
rectum in patients who have difficulty retaining gas. In these 
patients, the enema tip is removed near the end of the exam- 
ination, before spot radiographs of the distal rectum. 

In general, the spot radiographs that are obtained are listed 
in Table 8.1. When the patient is in the prone position and the 
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enema tip is in place, the distal rectum is seen only in single 
contrast and the enema tip obscures the distal rectum (Fig. 8.7). 
Therefore, spot radiographs of the rectum and rectosigmoid 
junction are obtained with the enema tip in and the patient in 
the left side down and prone positions, focusing on the proximal 
and mid rectum. When the patient is in the supine position, air 
rises into the distal rectum, demonstrating the columns of 
Morgagni (Fig. 8.8), so it is of benefit to have the enema tip 
removed at this time. Thus, spot radiographs of the rectum are 
obtained with the patient in supine and right lateral position 
after enema tip removal (Fig. 8.9). 


Table 8.1 Spot radiograph positions for double contrast barium enema 


Part of colon Patient position 
Rectum Prone, enema tip in 
Lateral, enema tip in 
Opposite lateral, enema tip out 
Supine, enema tip out 
Sigmoid Supine, left posterior oblique, 


right posterior oblique 
Prone: for inferior loop 


Descending colon Supine and erect right posterior oblique 


Splenic flexure Erect and recumbent, right posterior 


oblique 


Mid transverse 
colon 


Erect and supine 


Hepatic flexure Erect and recumbent left posterior oblique 


Ascending colon Erect and recumbent left posterior oblique 


Cecum Left or right posterior oblique 


Prone for anterior wall 


— s 


Spot radiographs of the sigmoid colon are obtained in all 
positions (see Figs. 8.3, 8.4 and 8.6), often with compression. 
Use of a compression device stretches the sigmoid colon and 
thins the barium pool, aiding in detection of small lesions. Use 
of a soft balloon compression device aids in sigmoid compres- 
sion with the patient in the prone position. 

The ascending and descending colon are deep in the pos- 
teriorly located peritoneal gutters. Images of the lower por- 
tions of the ascending and descending colon are usually best 
obtained with the patient in a recumbent position, left side 
down oblique for the proximal ascending and right side down 
oblique position for the distal descending colon (see Fig. 8.2), 
respectively. In some patients, portions of the ascending and 
descending colon are best demonstrated while the patient is in 
a prone position, when air rises into the now non-dependent 
ascending and descending colon. The uppermost portions of 
the ascending and descending colon are best imaged with the 
patient standing, left posterior oblique for the ascending colon 
and right posterior oblique for the descending colon. 

The hepatic and splenic flexures are also best demonstrated 
while the patient stands. When the patient is tilted from the 
recumbent to erect position, the radiologist elevates the table 
top slowly, in an attempt to avoid a vasovagal reaction. As the 
patient is placed into the erect position, the radiologist 
instructs the patient to slide down slowly to the fluoroscopic 
platform. Placing a hand on the patient’s shoulder also 
reassures the patient that they will not fall from the fluoro- 
scopic table top. Images of the splenic flexure are obtained 
with the patient in the erect right posterior oblique position; 
images of the hepatic flexure are obtained with the patient in 
the erect left posterior oblique position (see Fig. 8.5). Women 
are asked to manually elevate their breasts out of the radio- 
graph, thus avoiding radiation to the breast. Views of the 
transverse colon obtained with the patient in a lateral position 


Fig. 8.7 Crohn's disease of anorectal junction 
obscured by the enema tip. A. Spot radiograph 
of the rectum demonstrates the enema tip in 

air contrast. The anal canal is obscured by the 
enema tip. B. Spot radiograph obtained after 
enema tip removal demonstrates numerous 
fissures extending into the perineum (thin arrows). 
The mucosa of the distal-most rectum and anal 
canal shows cobblestoning (thick arrow) — 
longitudinally and transversely oriented barium- 
filled clefts surrounding polygonal radiolucent 
nodules. 
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are helpful for demonstration of fistulas or anterior abdominal 
wall hernia (Fig. 8.10). 

The cecum is viewed in various positions (Fig. 8.11), 
including the prone position for the anterior cecal wall. Com- 
pression and the right posterior oblique position aid in barium 
drainage from the cecum. Patients with too large a pool of 


Fig. 8.8 Spot radiograph of the rectum obtained with the patient in a supine 
position and the enema tip removed demonstrates the rectal columns of 
Morgagni (arrow). 


barium in the cecum may be turned into a Trendelenberg 
position, aiding barium removal. If there is a question of 
Crohn’s disease or other disease with a terminal ileal predilec- 
tion, spot radiographs of the terminal ileum are obtained. 
Barium entry in the terminal ileum is facilitated by placing 
the ileocecal valve in the barium pool. Air entry into the 
terminal ileum is helped by placing the ileocecal valve into 
the air column (usually a prone patient position) in conjunc- 
tion with manual compression of the ileocecal valve. 

Failure to fill the right colon with barium usually results 
from not instilling enough barium into the colon or mistak- 
ing the redundant sigmoid colon for the splenic flexure. 
There is no such thing as “air block,” as a column of air does 
not have enough pressure to retard passage of dense barium. 
To prevent poor visualization of the right colon, we fill 
barium to the mid transverse colon and turn the patient into 
a right side position to identify the posteriorly located hepatic 
flexure. In patients with redundant colons, we carefully 
manipulate the barium column before instilling air. In elderly 
patients with redundant colons, we often perform single 
contrast studies. 

After spot radiographs have been performed, overhead 
radiographs are obtained (Figs. 8.12-8.14 and Table 8.2). 
Overhead radiographs provide the big picture, but cannot be 
used to supplant fluoroscopically obtained images. Spot radio- 
graphs have higher resolution than overhead images. The 
radiologist can optimize patient positioning, luminal disten- 
tion, and the barium pool while obtaining spot radiographs. 
A technologist cannot optimize these factors while obtaining 
overhead images. However, a technologist can take images that 
cannot be obtained by a standard fluoroscope, by placing the 
x-ray tube parallel or angled to the table top. 


p 


Fig. 8.9 A. With the patient in the prone position, 
even with the enema tip out, the barium pool in 
the distal rectum obscures en face mucosal detail. 
B. When the patient is turned into a supine 
position, barium falls into the dependent mid 
rectum, revealing the mucosal surface of the distal 
rectum en face. A 1 x 1.5cm tubulovillous 
adenoma is manifested as a focal area of lobulated 
folds (arrow). 
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Table 8.2 Overhead radiograph positions for double contrast barium 
enema 


Cross-table lateral view of rectum with patient in prone position 


Cross-table lateral view of colon with patient in left side down 
decubitus position 


Cross-table lateral view of colon with patient in right side down 
decubitus position 


View of rectosigmoid colon with tube angled 30° cephalad and 
patient prone 


View of colon with patient prone 


Fig. 8.11 Spot 
radiograph of the cecum 
demonstrates a villous 
adenoma (thick arrows) 
carpeting an interhaustral 
fold. The appendix 
(arrowheads) is tortuous. 
The colonic side of the 
ileocecal valve is 
manifested as a 
barium-coated line (thin 
arrow). The ileal side of 
the ileocecal valve is 
bathed by the shallow 
pool of barium in the 
distal ileum (I). 


Fig. 8.12 Overhead 
radiograph obtained with 
the patient in a prone 
position. Barium fills the 
now-dependent mid 
transverse colon (T). The 
upper portions of the 
ascending (A) and 
descending colon are 
filled with air. 


Single contrast barium enema 


During a single contrast barium enema, the radiologist fills the 
colon with low-density barium, similar to filling a mold with 
casting material. This technique demonstrates the luminal 
contour of the colon (Fig. 8.15) as well, if not better, than a 


Fig. 8.10 Spot 
radiograph obtained 
with the patient in an 
erect, lateral position 
demonstrates a segment 
of transverse colon 
(arrow) going through 
the anterior abdominal 
wall muscles (identified 
by wire sutures and 
arrowhead) into an 
anterior abdominal 
wall hernia. 


Fig. 8.13 Overhead 
radiograph of the rectum 
with the patient in prone 
position, x-ray tube 
parallel to table top 

(a “cross-table lateral 
rectum’). The patient's 
position is indicated by 
the barium-air level (thick 
arrow). The columns of 
Morgagni are 
demonstrated as barium- 
coated lines (thin arrow) 
in the distal-most rectum. 


Fig. 8.14 Overhead 
radiograph of colon 
obtained with the patient 
in a left side down 
decubitus position, the 
x-ray tube parallel to the 
table top (best described 
as a “left side down 
decubitus view,” but 
frequently called a “left 
lateral decubitus view’). 
Air-barium levels 
(arrowhead) reveal the 
patient's position. 

The non-dependent 
ascending colon (A) is 
better distended than 
the dependent 
descending and sigmoid 
colon (S). 
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double contrast barium enema. Single contrast studies can 

only demonstrate relatively large elevated abnormalities of 

the mucosal surface or colonic wall as filling defects or abnor- 
mal folds in the barium column. Single contrast studies may 
depict the terminal ileum (Fig. 8.16) or the distal small bowel 

(Fig. 8.17) better than a double contrast barium enema or 

small bowel follow-through. 

A single contrast barium enema is often employed for the 
following scenarios: 

1. Inability of a patient to turn on the fluoroscopic table top. 

2. Inability of the patient to retain barium or air. 

3. Suspected high-grade colonic obstruction when 
identification of the level and nature of the obstructing 
lesion is adequate enough for therapy. 

4. Suspected distal small bowel obstruction on plain 
radiograph (see Fig. 8.17) or possible stricturing Crohn’s 
disease on CT or colonoscopy. 

5. Suspected right-sided colonic fistula. 


| 


Fig. 8.15 Spot radiograph of the sigmoid colon from a single contrast barium 
enema demonstrates multiple diverticula as ovoid-shaped, barium-filled 
protrusions (thick arrows) outside the expected luminal contour. Some 
diverticula remain filled with air (arrowhead), present before the examination. 
The circular muscle layer has been rearranged into thick folds perpendicular 
to the longitudinal axis of the colon, termed myochosis/circular muscle 
bunching/circular muscle thickening (thin arrows). 


Use of intravenous glucagon and enema tip insertion is similar 
to a double contrast barium enema. The barium suspension 
should be dense enough to outline the colonic contour but not 
so dense that the elevated lesions will be obscured en face. It is 
not always possible to achieve the correct barium density given 
the variations in patient size and variations in colonic luminal 
diameter from cecum to sigmoid. The narrower portions of 
colon (e.g., sigmoid colon) or portions of colon that can be 
manually compressed (e.g., mid transverse colon) can tolerate a 
denser barium. Wider portions of the colon (e.g., rectum or 
cecum) or non-compressible portions of colon (e.g., rectum) 
require a lower density barium than can be “seen through.” In 
thin patients, a lower density barium may be of value. In general, 
we employ approximately 20% w/v barium for single contrast. 
The major principles of a single contrast study are to follow 
the head of the barium (or water-soluble contrast) column and 
to compress the colon while the colonic lumen is variably 
distended by contrast. Large lesions are best detected when 
the colonic lumen is fully distended by contrast. Small lesions 
are often best detected when a small amount of contrast is 
present in the lumen and the lumen is only partially distended, 
resulting in a shallow pool of barium outlining the unstretched 


Fig. 8.16 
Demonstration of distal 
ileum by single contrast 
barium enema. The 
barium column has 
refluxed through the 
ileocecal valve 
(arrowhead) into the 
terminal (T) and distal 
ileum (I). The distal ileum is 
not obscured by 
overlapping mid ileal 
loops as may happen 
during a small bowel 
follow-through 
examination. 


Fig. 8.17 Single contrast barium enema 
demonstrating site of distal small bowel 
obstruction due to chronic diverticulitis. A. Low- 
magnification spot radiograph of lower abdomen and 
pelvis from a single contrast barium enema shows 
barium refluxing in the distal small intestine. The 
terminal ileum (T) is of normal caliber and the air-filled 
mid ileum (l) is dilated. B. Spot radiograph obtained 
at a higher magnification demonstrates a 4cm 
narrowing of the distal ileum (arrow). The distal ileum 
(I) is dilated proximal to the obstruction. There is also 
mild extrinsic mass effect and spiculation of the 
contour (arrowhead) of the terminal ileum (T). This 
patient had been treated for perforated sigmoid 
diverticulitis. The radiographic findings of extrinsic mass 
effect and spiculation of the contour indicate that 

the narrowing is due to an extrinsic process. At surgery, 
the inflammatory process had spread intraperitoneally 
to involve the distal and terminal ileum, resulting in 
chronic low-grade small bowel obstruction. 
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but unobscured mucosa. These images obtained while the 
colon is partly collapsed are termed “mucosal relief” images. 
Mucosal relief views are best obtained during colonic evacu- 
ation but may also be obtained during early barium filling. 

If possible, we start the patient in a left side down position 
to view the rectum and rectosigmoid junction. If the patient 
cannot hold the barium in, the rectal balloon may be distended 
after exclusion of proctitis or obstructing rectosigmoid lesion. 
Images of the colon are then obtained as the barium column 
moves retrogradely up the colon. Passage of the barium 
column is aided by turning the patient so the head of the 
barium column is in a dependent position. Images of each 
segment of colon are obtained when the barium column has 
washed residual feces and air from the segment of interest, the 
colonic segment is filled with barium, and the patient is pos- 
itioned so the imaged loop is “uncoiled” and viewed without 
overlap (see Fig. 8.15). Compression is used in all portions of 
the colon that are safely compressible. The splenic and hepatic 
flexures cannot be compressed when they are beneath the rib 
cage and the rectum cannot be compressed as it is protected by 


Table 8.3 Spot radiograph positions for single contrast barium enema 


Part of colon Patient position 


Rectum Lateral, enema tip in 
Supine, enema tip in 
Opposite lateral, enema tip out 
Supine, enema tip out 
Sigmoid Supine, left posterior oblique, 


right posterior oblique 
Descending colon Right posterior oblique 
Splenic flexure Right posterior oblique 


Mid transverse 
colon 


Supine and obliquities to aid barium 


filling 
Hepatic flexure Left posterior oblique 


Ascending colon Left posterior oblique 


Cecum Left or right posterior oblique, frontal 


the pelvic bones. Images of the sigmoid colon must be 
obtained before barium reaches the cecum and terminal ileum. 
Air can be manipulated out the transverse colon by turning the 
patient obliquely. The positions for spot images are listed in 
Table 8.3. 

Low-magnification digital overhead images of the colon 
may be obtained with the patient in the supine and right and 
left posterior oblique positions, rather than having a tech- 
nologist perform true overhead radiographs (for example, 
see Fig. 8.17A). The function of these low-magnification 
images is to demonstrate the overall location of a lesion 
and the size of the colon. We prefer to drain barium from 
the colon while the patient is on the fluoroscopic table top. 
This allows spot radiographs to be obtained after feces has 
been swept into the barium column and cleared and while 
the colon is partially collapsed, enabling “mucosal relief” 
views. Postevacuation spot radiographs are often helpful in 
demonstrating small polyps, to fill the appendix, in demon- 
strating fistulas related to diverticulitis (Fig. 8.18) or post- 
operative perforations. 


Water-soluble contrast enema and 
examinations through a Foley catheter 


A water-soluble contrast enema is indicated in patients with a 
suspected free colonic perforation. Water-soluble contrast 
agents are absorbed from the peritoneal space, so in patients 
with prior anaphylactic reactions to intravenously adminis- 
tered iodine, the radiologist must balance the risk of reaction 
to absorbed iodinated contrast with the likelihood of perfor- 
ation. In patients with prior anaphylactic reactions to iodine, 
we may administer barium, unless there is a strong plain film 
or CT indication of perforation. Patients with suspected sub- 
acute and chronic diverticulitis usually have confined or local 
perforation, so a barium enema can be performed. A water- 
soluble study should be performed in any colon that is out of 
the fecal stream due to colostomy or ileostomy, such as a 
rectosigmoid stump, as barium in a bypassed colon may form 
concretions. 


Fig. 8.18 Sigmoidovaginal fistula due to 
treated, though chronic sigmoid diverticulitis 
demonstrated only on postevacuation image. 
A. Spot radiograph demonstrates extrinsic mass 
effect and spiculation of the inferior contour (thick 
arrow) of the mid sigmoid colon. Diverticula are 
narrowed and tethered (thin arrows). This patient 
had 2 months of mild left lower quadrant pain and, 
more recently, was spilling feces from her vagina. 
B. Spot radiograph obtained after barium 
evacuation demonstrates a barium-filled track 
(arrow) from the inferior border of the sigmoid 
colon to the left fornix of the vagina. Barium fills the 
entire vagina (V). 
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Fig. 8.19 Water- 
soluble enema 
demonstrating 
anastomotic leak. 

A large hole (arrow) arises 
at the end-to-end 
sigmoid to rectum 
anastomosis. The 
contrast spreads 
longitudinally 
(arrowheads) in the 
pericolonic fat. The 
colon proximal to the 
anastomosis is mildly 
narrow with a spiculated 
contour due to the local 
pericolonic inflammatory 
process. 


Fig. 8.20 Anastomotic 
stricture demonstrated 
prior to colostomy 
takedown. Spot 
radiograph from a single 
contrast water-soluble 
enema shows a 3 mm in 
luminal diameter, tapered 
narrowing (thick arrow) at 
the anastomosis of the 
descending and sigmoid 
colon. A staple line is faintly 
visible on the inferior 
border (thin arrow). A 1cm 
barium-filled pericolonic 
space (arrowhead) is the 
remnant of prior perforated 
diverticulitis, not a 
deformed diverticulum. 


Fig. 8.21 Enema performed via Foley catheter. A. Barium fills the 22 French Foley catheter (arrowhead). Spot radiograph obtained with the patient in a 
lateral position demonstrates a fistula (arrow) from the distal rectum to the vagina, near the introitis. B. Six weeks later, a repeat study does not initially show a fistula. 
C. The patient stated that she could not feel feces in her vagina until long after defecation. Therefore, a repeat image was obtained one-half hour after 
postevacuation images. The distal rectovaginal fistula (arrow) is now demonstrated. This is an example of the value of delayed imaging in filling a fistula. 


A routine enema tip is inserted if a very long segment 
of colon is present, attached to a bag of about 20-30% 
iodinated water-soluble contrast. The sequence of position- 
ing and spot radiographs is similar to that performed 
during a single contrast barium enema. Low- and high- 
power magnification scout radiographs are performed, as 
staple lines are better seen at higher magnification. 
A metallic marker (e.g., a nipple marker) may be placed 
to indicate an ostomy bag or fistula site. The head of the 
contrast column is carefully controlled and followed. Instil- 
lation of contrast is limited, once a perforation has been 
demonstrated (Fig. 8.19). 

If the colon is shortened by surgery and the rectosigmoid 
colon is the only area of interest, a limited water-soluble contrast 
study may be performed via a Foley catheter. This type of limited 
study is performed for evaluation of a rectosigmoid stump 
(Hartman pouch), evaluation of a distal colorectal anastomosis 
(Fig. 8.20), and evaluation for a rectosigmoid leak/perforation. 
Use of a Foley catheter is also helpful when a tumor or inflamma- 
tory process narrows the anal canal or distal rectum, making 


it dangerous or uncomfortable to catheterize the colon with 
an enema tip. A Foley catheter may also be used to evaluate 
the distal rectum and anal canal for a fistula to the perineum or 
vagina (Fig. 8.21), but this study employs barium as the contrast 
agent. 


Colostomy enema 


A double contrast or single contrast colostomy enema may be 
performed. Although the double contrast colostomy enema has 
the theoretical advantages of increased accuracy in the detection 
of small polyps, it is a difficult and potentially messy study. 
A single contrast colostomy enema is quicker and easier to 
control. The double contrast enema may be helpful in patients 
with a history of surgery for polyps, carcinoma, or Crohn’s 
disease. The single contrast enema is indicated in patients who 
have a history of resection or diversion for diverticulitis or 
trauma. If there is any question, however, between single and 
double contrast, use single contrast technique, as it is much 
easier to perform. 
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Fig. 8.22 Colostomy 
enema. Spot radiograph 
just superior to the left 
iliac crest shows the 
balloon of a Foley 
catheter (arrow) 
distended in the 
descending colon just 
proximal to the 
colostomy. 


For either study, if the ostomy appears abnormal, it is first 
examined by a gloved fifth finger for bleeding, ulceration, or 
narrowing. If the stoma appears normal, a Foley catheter is care- 
fully inserted, so the balloon of the catheter is placed beneath the 
peritoneal reflection. The balloon is slowly distended with 5 ml 
room air. The catheter is now retracted against the anterior abdom- 
inal wall. If the catheter does not “pop out,” the study can be 
performed (Fig. 8.22). If the catheter does come out, it is reinserted 
and the Foley balloon is now distended with 7-10 ml room air. If 
the patient complains of any discomfort, the Foley catheter should 
be deflated slightly. In patients with Crohn’s disease or any other 
reason to suspect stomal abnormality, the balloon is not distended 
until the ostomy is proven normal by barium instillation. 

If the ostomy appears abnormal or feels abnormal during 
digital inspection, the balloon of the Foley catheter is not dis- 
tended within the bowel proximal to the ostomy. Instead, while 
the catheter is outside the patient, the balloon of a Foley catheter 
is distended with 10 to 30 ml of air; then the tip of the catheter is 
just barely inserted into the ostomy with the balloon of the Foley 
catheter pushed against the outside of the ostomy as an obtur- 
ator. The patient’s hand (covered by a glove) holds the Foley 
catheter securely against the stoma, providing a seal. Alterna- 
tively, a commercially made nipple may be used. 

For a double contrast colostomy enema, medium density 
barium is injected by syringe to the mid transverse colon. The 
patient lies in the supine and RPO positions. Once a full 
column of barium goes around the hepatic flexure, the patient 
is then turned into a semi-erect LPO position, and barium falls 
to the cecum. Air is insufflated until the cecum reaches 
8-10 cm in diameter. The patient is rocked several times from 
a left side down to right side down position to wash and coat 
the mucosa. Spot radiographs of the sigmoid in the RPO and 
LPO position, the transverse colon in the supine position, and 
the flexures in the semi-erect position are obtained. The cecum 
is often best seen in the LPO position. 

The single contrast barium colostomy enema uses the same 
barium suspension as the single contrast barium enema. 
Barium is administered from a barium enema bag connected 
to a large bore Foley (22-26 French) catheter via a “football”- 
type connector. Barium is carefully instilled and spot 


radiographs are obtained in a similar sequence to those 
obtained during a single contrast barium enema. After comple- 
tion of the series of filled colon radiographs, post drainage spot 
radiographs and a low-magnification radiograph are obtained. 
The key to the single contrast colostomy enema, as with all the 
single contrast studies, is careful palpation and compression of 
the colon during various degrees of distention. The region of the 
colostomy is not palpated or compressed, however. 


Evacuation Proctography 


Evacuation proctography (voiding proctography, defecog- 
raphy) is a functional study of defecation.” In men, only the 
rectum is studied. In women, the relationships of the small 
bowel, vagina, and rectum are studied. At some institutions, a 
cystogram is performed just before defecation.” 


Small bowel opacification 


Small bowel opacification is important in the demonstration of 
enteroceles. The woman is given 500 ml of barium appropriate for 
the small intestine. The patient then enters the fluoroscopy suite 
after 30-60 minutes to see if barium has reached the ileocecal 
valve. If barium has not reached the ascending colon, the patient is 
given another 200 ml barium and returns to the fluoroscopy suite 
30-45 minutes later. Once barium is seen in the ascending colon, 
the examination can begin. One digital overhead image and 
palpation of the terminal ileum may be of value. We have detected 
unsuspected ileal Crohn’s disease in two patients. 


Vaginal opacification 

A variety of barium-impregnated substances can be injected 
into the vagina, such as vaginal gel mixed with high-density 
barium. At HUP, however, we instill 4-5 ml of a high-density 
barium suspension into the vagina via a Foley catheter. The 
barium suspension is made slightly more viscous than for a 
double contrast gastrointestinal series. The vagina is not opaci- 
fied in women who are virgins. 


Identification of the perineal body 


Roentgen interpretation is made easier knowing the location of the 
external anal orifice and the vaginal introitus. Therefore, while the 
patient lies in a recumbent, left side down position, a metallic nipple 
marker (as used in chest radiography) is placed on the perineal 
body between the external anal orifice and the vaginal introitus. 


Rectal opacification 


With the patient in the recumbent left side down position, 
thick, paste-like barium is inserted into the rectum. Currently, 
we instill 150ml barium paste into the rectum using 60 ml 
catheter tip syringes and a large bore Miller enema tip. While 
the barium paste mimics soft, formed stool, it does not mimic 
small, hard fecal balls. Most patients with intact rectal sensa- 
tion develop the urge to defecate between 120 and 150 ml. If 
the patient has not developed an urge to defecate, either more 
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Fig. 8.23 A. Spot radiograph of the rectum performed with the patient in a left side down decubitus position. The level of the anorectal junction (thin arrow) 
is evaluated with respect to the coccyx, symphysis pubis, and impression of the puborectalis muscle (thick arrow). B. Spot radiograph of the rectum 

performed while patient sits on commode and defecates. The patient is now in a right lateral position. The distal rectum and anal canal have not straightened 
normally. There is a bar of soft tissue (arrow) protruding into the column of barium paste. This soft tissue bar is the puborectalis muscle that has presumably 


not “relaxed,” so-called “anismus.” 


Fig. 8.24 Image obtained during defecation demonstrates prolapse of 
the cervix (C) into the lower vagina. There is mild invagination of the 
distal rectal walls (thin arrows) distal to the weak rectal contractile wave 
(thick arrow). 


barium can be injected or air can be instilled into the colon via 
a bulb attached to the Miller air tip. 


Images obtained 


1. Recumbent images. If the patient can tolerate holding the 
barium in the rectum, spot radiographs of the rectum are 
obtained in the recumbent left side down (Fig. 8.23A) 
and supine positions. If the patient urgently needs to 
defecate or is immediately incontinent, these images 
may not be obtained. 


The patient sits on the defecography chair. At our 
institution, this means that the patient must climb off the 
fluoroscopic table top and walk up onto our chair. Spot 
radiographs are then obtained with the patient in a right 
lateral position (Fig. 8.23B). Patients cannot be seated in the 
frontal position in our fluoroscopes, therefore frontal 
images are not routinely obtained. Institutions that have 
biplane fluoroscopy can image the rectum simultaneously in 
lateral and frontal positions. Institutions that have remote 
controlled fluoroscopes with larger tube to table top 
distances can repeat rectal instillation and view the rectum 
in the frontal view, if necessary. 

A spot radiograph is obtained with the patient sitting, 
without straining. 

A spot radiograph is obtained asking the patient to “pull 
up” or “lift” their rectum. This radiograph identifies the 
extrinsic indentation of the puborectalis muscle. Some 
patients are asked to increase their abdominal pressure 
without defecating, asking the patient to “Tighten your 
abdominal muscles” or “Bear down but don’t go to the 
bathroom.” This technique tests the strength/opening of 
the urogenital diaphragm/puborectalis muscle. 
Evacuation. The patient is asked to defecate (see Figs. 8.23B, 
8.24, and 8.25A). Currently, we use rapid sequence spot 
radiograph digital imaging and fluoroscopic diagnosis. 

The examination can also be recorded by DVD or video 
imaging. 

Postevacuation images. After partial or complete evacuation, 
the patient is asked to increase their abdominal pressure. 
These images are helpful for the detection of an enterocele 
(Fig. 8.25B and 8.25C) or prolapsing anal cushions. 
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Fig. 8.25 Enterocele demonstrated after evacuation. A. Image obtained during defecation demonstrates normal flattening of the puborectalis muscle (thin 
arrow), wide opening of the anal sphincter (thick arrow), and a moderate anterior rectocele (R) deviating the lower vagina (V) anteriorly. The pelvic ileum (I) 
remains superior to the vagina. B. Near the end of defecation, contrast is being cleared from the anal canal. Nearly all contrast has been evacuated out of the rectum 
and the rectocele. The ileum (I) is just dipping below the vaginal fornices. C. At the end of defecation, the patient is asked to increase her abdominal pressure. 
The pelvic ileum (l) falls between the vagina and rectum forming a large enterocele. 
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Diverticular disease and diverticulitis 
Diverticulosis 


Diverticular disease is a varying combination of the alteration of 
the normal colonic muscle structure, termed myochosis, and 
development of diverticula.’ In diverticular disease, elastin 
deposits between normal muscle fibers in the tenia coli result in 
macroscopic shortening and thickening of the tenia coli. The 
shortening of the colon secondarily alters the arrangement 
of the circular muscle layer. Thick bands of circular muscle form 
180 degree arcs of tissue crossing the sigmoid and descending 
colon.” The colon is sacculated between the circular muscle folds. 
The overlying mucosa is “bunched-up.” The thick arcs of circular 
muscle and redundant mucosa results in luminal narrowing. 

Diverticula are protrusions of mucosa and submucosa 
through areas of muscle weakness, predominantly, at the sites 
of penetrating arterioles on the mesenteric side of the antimes- 
enteric tenia.* The diverticula vary from 0.2 to 2cm, have a 
narrow neck surrounded by circular muscle, and are often 
surrounded by a thin layer of longitudinal muscle (Fig. 9.1). 
Lymph follicles arise at the apex of the diverticula as a response 
to chronic inspissation of food and feces. Diverticula are found 
in the sigmoid colon (90% of patients with diverticulosis), the 
descending colon (30%), and throughout the colon (16%). 
Appendiceal diverticula are found in 0.2-2% of patients 
(Fig. 9.2). Rectal diverticula are rare, as the longitudinal muscle 
layer encircles the rectum. In Japan, right-sided diverticulosis 
is the most frequent form of the disease. 

The term diverticulosis refers to the presence of sacs with or 
without the muscle abnormality. The term diverticular disease 


Fig. 9.1 Diverticulosis 
of transverse colon. 
Barium-filled diverticula 
are demonstrated 

enface as ovoid barium 
collections (large arrow). 
When barium spills out of 
diverticula on the 
anterior wall, ring 
shadow (small arrow) 
may be seen. In profile, 
diverticula appear as sacs 
(arrowhead) protruding 
from the luminal contour. 


implies that myochosis and sacs are present. Diverticula are 
most frequently found in populations with Western-type diets 
lacking dietary fiber. It is postulated that lack of dietary fiber 
leads to increased colonic pressure, with subsequent mucosal 
herniation. Diverticula are more frequent in Marfan syndrome 
and Ehlers-Danlos syndrome, related to bowel wall weakness. 

Myochosis (circular muscle thickening/bunching) appears 
radiographically as shortening and straightening of the affected 
colonic segment, usually the sigmoid colon (see Fig. 8.15). 
The bunched folds protrude into the lumen and narrow it. 
The lumen has a “zig-zag” course resembling an accordion or 
concertina. The circular muscle folds may hide polyps or be 
mistaken for polyps radiographically. 

The appearance of a diverticulum depends on the amount 
of barium in the lumen and the angle at which the diverticu- 
lum is viewed (see Fig. 9.1). In profile, the diverticula are 
round or flask-shaped protrusions. En face, a diverticulum 
appears as a round sac, a ring of barium or barium-coated 
bowler hat pointing away from the longitudinal axis of the 
bowel (Fig. 9,3).° Small diverticula, seen en face, mimic tiny 
ulcers. Varying portions of a diverticulum may prolapse into 
the lumen or invert totally, forming an inverted diverticulum.° 

A “giant diverticulum” is usually not a mucosa-lined diver- 
ticulum, but the result of diverticulitis, perforation, and 
healing of a large pericolic abscess with formation of a persist- 
ent sac lined by inflammation and granulation tissue. As these 


Fig. 9.2 Diverticulosis 
of appendix. Seven 
diverticula 
(representative 
diverticulum identified 
by arrow) protrude from 
the appendiceal wall. 
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Fig. 9.4 Giant sigmoid 
diverticulum. Spot 
radiograph demonstrates 
a3 x 5cm barium-filled 
sac (arrows) arising from 
the proximal sigmoid 
colon. 


spaces typically occur in the sigmoid colon, these are known as 
giant sigmoid diverticula (Fig. 9.4). 

Diverticula are distinguished from sacculations of colonic 
wall containing all layers. Broad-based sacculations due to wall 
weakening are typically found in scleroderma (Fig. 9.5). 
The colonic wall also appears sacculated opposite areas of linear 
ulceration or scarring found in Crohn’s disease or ischemia. 


Diverticulitis 


Diverticulitis results from fecal stasis leading to chronic inflam- 
mation in the outmost wall of a diverticulum. The inflammatory 
cascade is from microscopic perforation to focal peritonitis to 
pericolic abscess formation. Longitudinal spread of inflammation 
results in pericolic tracking. Fistulas to the urinary bladder, 
vagina, small bowel, and skin are not uncommon. 

CT has largely replaced contrast studies in patients with 
clinically suspected acute diverticulitis. However, some patients 
with diverticulitis undergo contrast studies if their symptoms are 
vague, long-standing, or minimal. Contrast enemas may also be 


Fig. 9.3 Bowler hat diverticulum. A. Spot 
radiograph of sigmoid colon demonstrates a 

“hat sign” (arrow) protruding away from the 
longitudinal axis of the bowel. B. When the patient 
is turned slightly, a barium-coated diverticulum 
(arrow) is demonstrated as the cause of the “hat.” 
A and B reproduced with permission from 
reference 5. 


Fig. 9.5 Sacculations 
in scleroderma. Coned- 
down image of the 
transverse colon on 
overhead radiograph 
from double-contrast 
barium enema shows 
broad-based sacculations 
in profile (arrows) and en 
face (arrowhead). 
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obtained if pain is present in an atypical location, such as the right 
lower quadrant or mid abdomen or if rectal bleeding is present. 
Contrast enemas are safe in patients whose symptoms are min- 
imal or resolving. Contrast enema is superior to CT in demon- 
stration of diverticula, luminal narrowing, muscular spasm, and 
differentiating diverticulitis from colonic cancer. Contrast enema 
is inferior to CT in demonstrating the extent of inflammation, 
abscess formation, or fistulas to the skin, and cannot demonstrate 
phlebitis in the IMV or portal venous system and liver abscess. 

On contrast enema, the most diagnostic sign of diverticu- 
litis is contrast or air seen outside the expected luminal con- 
tour in a sinus track, fistula, or abscess (Fig. 9.6). Otherwise the 
diagnosis of diverticulitis is implied by the effect of the peri- 
colic abscess on the adjacent colon: mass effect, spiculation of 
the contour, tethering of mucosal folds toward the inflamma- 
tory process, and deformed diverticula. The edge of the inflam- 
matory process is tapered. Circumferential narrowing with 
tapered margins can be seen in acute or chronic diverticulitis. 
Postevacuation images may be necessary to demonstrate peri- 
colic tracking or fistula formation (see Fig. 8.18). 
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Fig. 9.6 Diverticulitis of sigmoid colon. Spot radiograph demonstrates 
extrinsic mass effect on the inferior wall of the sigmoid colon. The inferior wall 
has a spiculated contour (arrowhead). Barium fills several pericolic tracks and 
a 1.5 cm flame-shaped pericolonic collection (arrow). 


If the margins of the process are shelf-like and the mucosal 
surface is nodular, a diagnosis of adenocarcinoma should be 
considered and endoscopy should be performed (Fig. 9.7). 
Endoscopy cannot always distinguish diverticulitis from cancer, 
as the lumen may be too narrow to traverse or biopsy specimens 
may be only taken from the edge of an obstructing lesion. 

Patients with Crohn’s disease are at increased risk for 
diverticulitis. Longitudinal sinus tracks occur in both diseases. 
Diagnosis of Crohn’s disease requires demonstration of other 
findings such as aphthoid ulcers, mesenteric border ulcers, 
cobblestoning, and anal fistulas. 


Inflammatory bowel disease 


Use of barium enema examinations in patients with inflamma- 
tory bowel disease has been largely replaced by endoscopy 
except in postoperative patients. Unfortunately, gastroenter- 
ologists have forgotten that barium enema may help distin- 
guish Crohn’s disease from ulcerative colitis, may visualize the 
terminal ileum better than endoscopy, and is useful in patients 
with incomplete colonoscopy. Barium studies correlate well 
with the gross pathology, but both endoscopy and barium 
studies underestimate the extent of histologic involvement. 


Ulcerative colitis 


Ulcerative colitis begins in the rectum and extends retro- 
gradely in a continuous fashion. The inflammation may be 
confined to the rectum, rectosigmoid colon and left colon, or 
may extend throughout the colon. The mucosal changes are 
symmetric, involving the entire circumference of the involved 
bowel segment. 


Fig. 9.7 Diverticulitis 
mimics colonic 
carcinoma. Spot 
radiograph of the 
junction of the 
descending and sigmoid 
colon demonstrates a 

3 cm annular lesion with 
smooth but abrupt 
edges. The contour of 
the narrowing is 
spiculated (arrowhead). 
The mucosa is probably 
smooth. Endoscopy is 
necessary to confirm the 
radiologic diagnosis of 
annular diverticulitis. 


Fig. 9.8 Granular 
mucosa in ulcerative 
colitis. Spot radiograph 
of the splenic flexure 
demonstrates loss of 
haustral sacculations and 
interhaustral folds. The 
colon has a tubular 
shape. Numerous tiny 
and slightly larger 
punctate dots of barium 
have precipitated on 
the surface giving a 
granular appearance. 


The earliest radiographic finding is finely granular mucosa due 
to barium precipitating on the colonic surface due to mild edema, 
hyperemia, and alteration of colonic mucus (Fig. 9.8). With 
further inflammation, superficial erosions are seen on the back- 
ground of granular mucosa. With partial healing, the mucosa 
appears coarsely granular. Edema and inflammation result in wide, 
blunt interhaustral folds. Terminal ileal inflammation, termed 
backwash ileitis, may be seen in patients with pancolitis (Fig. 9.9). 
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Fig. 9.9 Backwash 
ileitis in ulcerative 
colitis. Spot radiograph 
shows a cone-shaped, 
small cecum (C), a gaping 
ileocecal valve (V), and a 
mildly dilated terminal 
ileum (I) that has lost its 
valvulae conniventes. The 
mucosa of the cecum, 
appendix, and terminal 
ileum has a granular 
appearance. (Courtesy of 
Dr. Frank, Chicago, IL) 


Fig. 9.11 Tubular 
colon in long-standing 
ulcerative colitis. The 
haustral sacculations and 
the interhaustral folds of 
the transverse and left 
colon have disappeared. 
The transverse and left 
colon are mildly 
narrowed. The sigmoid 
colon is short. The valves 
of Houston have 
disappeared and the 
rectum has a narrow, 
tubular configuration. 


Deep ulcers penetrating the muscularis mucosae, under- 
mining the submucosal fat, are termed “collar button” ulcers 
(Fig. 9.10). Spreading of these ulcers results in large round or 
linear ulcers paralleling the course of the teniae coli. When 
ulcers connect, the residual islands of mucosa rising above the 
denuded surface are termed “inflammatory pseudopolyps.” 

In long-standing colitis, the colon is shortened and 
narrowed and interhaustral folds are lost. This results in a 
narrow, tubular-shaped colon, with short flexures and a short, 
straight sigmoid colon (Fig. 9.11). These findings are probably 
the result of a varying combination of altered colonic contract- 
ility, chronic inflammation, and loss of surface area. On 
CT, the apparent colonic wall thickening and prominent 


Fig. 9.10 Collar button 
ulcers in ulcerative 
colitis. Spot radiograph 
of the junction of the 
descending and sigmoid 
colon demonstrates 
deep ulcers that 
penetrate the muscularis 
mucosae and spread 
longitudinally in the 
submucosa (arrow). 
These mimic the shape 
of a “collar button.” 
(Courtesy of Richard 
Baron, Chicago, IL) 


Fig. 9.12 

Inflammatory polyp in 
ulcerative colitis. A 2 cm 
in length, sessile polypoid 
lesion (arrow) is seen ona 
background of finely 
nodular mucosa. The 
descending colon has a 
tubular configuration. 


submucosal fat is probably the result of change in colonic 
diameter rather than true increase of wall or fat thickness. 

Inflammatory polyps are sessile or pedunculated polypoid 
masses of granulation tissue or hyperplastic tissue rising above 
inflamed mucosa (Fig. 9.12). Polyps found in a colon devoid 
of inflammation are termed “postinflammatory polyps.” Post- 
inflammatory polyps are sessile or frond-like. Some may be 
tubular in shape, with or without clubbed heads, termed fili- 
form polyps (Fig. 9.13).? A mucosal bridge represents the 
fusion of two filiform polyps or the undermining of mucosa 
by adjacent ulcers. 


Chapter 9: Colon 


Fig. 9.13 Filiform 
polyps in ulcerative 
colitis. Spot radiograph 
of the transverse colon 
demonstrates numerous 
tubular-shaped “filiform” 
polyps, many with 
clubbed heads (long 
arrow). Other small sessile 
polyps are seen 
(arrowhead). A mucosal 
bridge is also present 
(short arrows). 


Fig. 9.15 Scirrhous adenocarcinoma in ulcerative colitis. A 5 cm in length, 
annular narrowing of the distal sigmoid colon is present. The margins are 
slightly more tapered and the mucosa is less nodular than the typical 
adenocarcinoma growing in an uninflamed colon. 


Strictures develop in about 10% of patients and are found 
most frequently in the sigmoid colon. The strictures are smooth, 
tapered, and symmetric. Any irregularity of the mucosa or 
mucosal nodularity requires biopsy to exclude dysplasia or 
carcinoma. Some smooth strictures are scirrhous cancers. 

Dysplasia may arise in flat mucosa or form an elevated 
adenomatous polyp. Dysplasia in ulcerative colitis is detected 
in two-thirds of patients as a carpet lesion (Fig. 9.14), a plaque- 
like elevation, or a polypoid lesion.’*"’ Except for filiform 
polyps, any polypoid lesion must be biopsied, as it is not 
possible to distinguish an inflammatory polyp from an 
adenoma. 

Cancer may develop in patients with long-standing, long 
segment ulcerative colitis. Most cancers are annular or plaque- 
like tumors (Fig. 9.15). Long scirrhous cancers or polypoid 
cancers are less common morphologies. 


Fig. 9.14 Dysplasia in 
ulcerative colitis. Spot 
radiograph demonstrates 
coarse nodularity 
spreading 
circumferentially along a 
4cm length surface of 
the splenic flexure. This 
area progressed to an 
annular, scirrhous 
carcinoma. (Courtesy 

of Giles Stevenson, 

M.D., Duncan, Canada) 


Crohn’s disease 


Crohn’s disease”? is not a distinctive histopathologic entity; the 
etiology and pathogenesis are unknown. Barium studies confirm 
or refute the clinical or endoscopic diagnosis, especially when 
biopsy studies are equivocal. A patchy chronic inflammatory 
process may involve any portion of the gastrointestinal tract. 
Crohn’s disease involves the terminal ileum and colon in 55% of 
patients, the terminal ileum alone in 14% of patients, the terminal 
and distal ileum in 13%, and the colon alone in 15%. Sparing of the 
terminal ileum with proximal small bowel involvement is seen in 
3% of patients. Pathologically, Crohn’s disease is characterized by 
granuloma formation, found in 25-70% of patients, aphthoid 
ulcers, discontinuous focal inflammation, mesenteric border 
ulcers, and fissuring transmural inflammation. Crohn’s disease 
first involves the mesenteric border of bowel. Ulceration is discon- 
tinuous, separated by grossly normal mucosa. 

The earliest radiographic findings of colonic Crohn’s dis- 
ease are lymphoid hyperplasia and aphthoid ulcers.’ 
Aphthoid ulcers are radiographically manifested as 1-2 mm, 
round or stellate barium collections centered on a small radio- 
lucent mound (Figs. 9.16 and 9.17).'*’* The aphthoid ulcers 
are present on a background of normal mucosa, unlike ulcers 
in ulcerative colitis that are superimposed on a background of 
inflamed mucosa. When the ulcer enlarges, the inflammatory 
process spreads laterally in the submucosal fat, forming a collar 
button-shaped ulcer. Aphthoid ulcers may be the only radio- 
graphic finding or may be present at the margin of a more 
severely ulcerated segment. Aphthoid ulcers are not specific for 
Crohn’s disease, as any inflammatory disease that causes 
inflamed lymph follicles with overlying mucosal erosion results 
in aphthoid ulcers. Aphthoid ulcers are seen in Yersinia entero- 
colitis, salmonellosis, shigellosis, herpetic or cytomegalovirus 
infections, tuberculosis, amebiasis, and Behcet’s disease. 

Long thin ulcers paralleling the longitudinal axis are charac- 
teristic of Crohn’s disease (Fig. 9.18). In the small bowel, these 
ulcers originate on the mesenteric border, and hence are called 
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Fig. 9.16 Aphthoid 
ulcers in Crohn's 
disease. Spot radiograph 
of the splenic flexure 
demonstrates numerous 
punctate collections of 
barium surrounded by 
radiolucent halos 
(representative aphthoid 
ulcer identified by arrow). 
An aphthoid ulcer is 
shown in profile as a 
mound of edema, with a 
central barium collection 
(arrowhead). The ulcers 
are separated by normal, 
smooth mucosa. 


Fig. 9.18 Linear ulcers 
in Crohn’s disease. Spot 
radiograph of the 
transverse colon 
demonstrates barium 
filling of linear ulcers 
(arrows) on the superior 
wall. 


linear mesenteric border ulcers. Sacculation of the bowel 
opposite mesenteric border ulceration is typical (Fig. 9.19). 
Deep knife-like cleft ulcers often form a transversely and 
longitudinally oriented pattern of fissuring, leaving rectangular- 
shaped islands of mucosa between the fissures. This has been 


Fig. 9.17 Ring-like aphthoid ulcers in Crohn’s disease. Spot radiograph of 
the cecum originally obtained with patient in prone position, but displayed 
anatomically. Barium has fallen out, but still coats the rim of large aphthoid 
ulcers (arrows). Surrounding halos of edema are seen. 


Fig. 9.19 Sacculation 
in Crohn’s disease. Spot 
radiograph of the 
descending colon shows 
broad-based sacculation 
(arrows) opposite 
numerous short linear 
ulcers. 


termed cobblestoning or the ulcernodular pattern (see Fig. 7.25), 
and is nearly pathognomonic for Crohn’s disease.'° 

The inflammatory process spreads down the lymphatics and 
veins through the wall of the bowel into the mesentery. Trans- 
mural inflammation results in radiographic wall thickening. 
Further extension of inflammation in the mesentery leads to 
extraluminal fissures, fistulas, and abscess formation. Submuco- 
sal inflammation is characterized radiologically by thick folds 
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Fig. 9.20 Stricture 
formation in Crohn’s 
disease. Spot radiograph 
of the distal descending 
colon shows a 5cm in 
length by 3mm in 
luminal diameter tapered 
narrowing (arrow). This 
has been termed the 
“String-sign.” An irregular 
mucosal surface within 
the stricture indicates 
active inflammation. 


and nodularity. Luminal narrowing may be due to a variable 
combination of spasm, edema, inflammation, fat bunching, or 
fibrosis. Narrowing in Crohn’s disease changes during the course 
of a fluoroscopic examination and may be reversible spasm, 
edema or inflammation, or irreversible fibrosis. Strictures are 
usually long with tapered margins (Fig. 9.20), but some skip 
strictures are short. Mucosal nodularity or ulceration within a 
stricture indicates an active inflammatory process (see Fig. 9.20). 

Perianal fissures and sinus tracks are seen in at least two- 
thirds of patients with Crohn’s disease confined to the colon (see 
Fig. 8.7B). Distal rectovaginal or anovaginal fistulas may result. 

Once the inflammatory process spreads outside the serosa 
or adventitia of the colon, fistulas to bowel, urinary bladder, 
vagina, retroperitoneum, skin, or other organs may be seen 
(Fig. 9.21). Ileocecal and ileosigmoid fistulas are the most 
common colonic fistulas. Ileosigmoid fistulas are usually 
caused by Crohn’s disease of the ileum, spreading to invade a 
previously normal sigmoid colon. Fistulas from the transverse 
colon may extend into the duodenum or stomach. 

Polypoid lesions are almost always related to inflammation, 
not neoplasia. Islands of mucosa between ulcers are termed 
inflammatory pseudopolyps (Fig. 9.22). After inflammation 
heals, residual islands of reparative or hyperplastic tissue may 
assume a myriad of polypoid shapes, termed postinflammatory 
polyps. These polyps may be filiform, round, sessile, or ped- 
unculated. Fused filiform polyps forming an arch-shape are 
termed as mucosal bridges. 


Fig. 9.21 Colocolic 
fistula in Crohn’s 
disease. A long, tight 
irregular stricture (long 
arrow) is seen in the 
shortened descending 
colon. A short fistula 
(short arrow) goes from 
the descending to 
proximal sigmoid colon, 
bypassing the stricture. 


Fig. 9.22 
Inflammatory polyps in 
Crohn's disease. Spot 
radiograph of the 
sigmoid colon 
demonstrates ulceration 
(arrowheads), nodular 
mucosa (short arrow), 
and a small and large 
polyp (large arrows). 


A summary of the findings in ulcerative colitis and Crohn’s 
disease is presented in Table 9.1.17 


Other colitides 


Barium studies are not usually performed in patients with 
acute colitis. Barium studies may be performed in patients 
with chronic symptoms, intermittent diarrhea, mild rectal 
bleeding, or if stool cultures are falsely negative. For example, 
there is a broad spectrum of the clinical findings in C. difficile 
colitis. Radiologists frequently encounter unsuspected findings 
of C. difficile colitis when a CT is performed to exclude an 
abscess in a patient with fever and leukocytosis. Similarly, in 
patients in whom flexible sigmoidoscopy is normal, barium 
enema may demonstrate a more proximal distribution of 
C. difficile colitis as mucosal granularity, small nodules, or 
plaques (Fig. 9.23) in a right-sided or near pancolitic 
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Table 9.1 Ulcerative colitis vs. Crohn's disease 
Ulcerative colitis Crohn’s disease 
Mucosal granularity Aphthoid ulcers 


Ulcers on background of granular Ulcers on background 


mucosa of normal mucosa 
Continuous Discontinuous 
Symmetric Asymmetric 


Begins in rectum, spreads 
retrogradely in continuous fashion 


Any segment 
gastrointestinal tract 
Severe anal and perianal 
disease 

Sinus tracks and fistulas 


Fulminant colitis Abscesses 


Colon cancer in large percentage of 
patients 


Fig. 9.23 Plaques in 
pseudomembranous 
colitis. Spot radiograph 
of the descending colon 
shows shallow ovoid 
radiolucent elevations en 
face (arrowhead). In 
profile, these are shown 
to be plaque-like 
elevations (arrow). 


distribution." The radiographic mimics of Crohn’s disease 
and ulcerative colitis are presented in Table 9.2. 


Tuberculosis 


Tuberculosis of the ileum and colon is not uncommon in 
tropical countries, resulting from ingestion of infected sputum 
(M. tuberculosis) or drinking unpasteurized milk (M. bovis) 
Immunocompromised patients may be infected by Mycobac- 
terium avium-intracellulare or M. kansasii. Tuberculosis 


Table 9.2 Mimics of ulcerative colitis vs. mimics of Crohn's disease 


Mimics of ulcerative Mimics of Crohn's 


colitis disease 

Pancolitis Colonic 
Campylobacter Amebiasis 
Shigellosis Tuberculosis 
Salmonellosis Ischemic colitis 


E. coli infection Lymphogranuloma venereum 


C. difficile infection lleocecal 
Amebiasis Carcinoma/lymphoma 
Proctosigmoiditis Tuberculosis 
Chlamydia Small intestinal 
Radiation colitis Yersinia (early Crohn's disease) 


Salmonella (early Crohn's 
disease) 


Eosinophilic enteritis 
Tuberculosis 


Fig. 9.24 Tuberculosis of colon. Spot radiograph shows a short, markedly 
narrowed, tubular hepatic flexure and proximal transverse colon with focal 
fissures (arrow) and plaque-like nodular mucosa (arrowheads). This image is 
indistinguishable from Crohn's disease. 


occurs in bowel that has a large amount of lymph tissue. 
Therefore, tuberculosis typically involves the distal ileum and 
ascending and proximal transverse colon (see Fig. 7.29). Super- 
ficial or deep, aphthoid or transversely oriented ulcers are 
seen.'””° Chronic inflammation results in fibrosis, with focal 
or diffuse narrowing of the ileum or right colon (Fig. 9.24). 
The cecum is cone-shaped. The ileocecal valve is patulous, with 
thick lips; the terminal ileum forms a right angle with the 
ascending colon (this combination is termed Fleishner’s sign). 


Amebiasis 


Twenty percent of the world’s population harbors amebae. The 
clinical spectrum is broad, from an asymptomatic carrier state 
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Fig. 9.25 Aphthoid ulcers in amebiasis. Spot radiograph of the transverse, 
descending, and sigmoid colon demonstrates many small punctate or round 
barium collections surrounded by radiolucent halos. One ulcer is beginning 
to assume a flask shape due to burrowing longitudinally in the submucosa 
(arrow). (Courtesy of Harvey Goldstein, M.D., San Antonio, TX) 


to fulminant colitis. Barium studies may therefore be per- 
formed in patients with chronic passage of mucus and blood, 
diarrhea, or constipation. The right colon is more frequently 
involved; the terminal ileum is spared. Minimal inflammation 
mimics the granular mucosa of ulcerative colitis. More severe 
ulceration mimics Crohn’s disease. Ulceration varies from 
small, aphthoid ulcers to large, deep flask-shaped ulcers with 
overhanging edges (Fig. 9.25).”' Skip areas are not infrequent. 
Exuberant granulation tissue results in marked bowel wall 
thickening, termed an ameboma. Amebomas have a predilec- 
tion for the cecum, hepatic, and splenic flexure. These are 
manifest radiographically as long strictures with tapered 
margins. Short annular amebomas mimic colonic carcinoma. 


Benign and malignant tumors 


Adenoma and adenocarcinoma 
Adenoma 


Colonic dysplasia (adenoma) may macroscopically appear as 
a sessile elevation, a pedunculated polyp, or a small, flat 
umbilicated lesion.” Some adenomas crawl along broad 
areas of the surface of the colon, termed carpet lesions.” 
Colonic dysplasia usually has a polypoid macroscopic shape. 
About 20% of patients have multiple synchronous polyps. 
Most polypoid adenomas grow slowly. For example, in 
patients with familial adenomatous polyposis syndrome 
(FAPS), it takes an average of 19 years from the time of 


Table 9.3 Malignant potential of adenomas based on size and villous 
architecture 


No. of lesions versus % malignant 


Histologic type <1 cm 1-2 cm > 2cm 
Tubular adenoma 1382 (1%) 392 (10.2%) 101 (34.7%) 
Tubulovillous 76 (3.9%) 149 (7.4%) 155 (45.8%) 
adenoma 

Villous adenoma 21 (9.5%) 39 (10.3%) 174 (52.5%) 


The percentage numbers indicate the percent of tumors of that size that 
were malignant. 
Modified from reference 24. 


pr 


Fig. 9.26 
Pedunculated 
tubulovillous adenoma, 
descending colon. The 
adenomatous head of 
the polyp has a finely 
lobulated shape (arrow). 
The non-adenomatous 
stalk of the polyp has a 
smooth surface 
(arrowheads). 


detection of adenomas to the time that the first colonic cancer 
is found. Some adenomas grow quickly, however, as in 
the hereditary non-polyposis colorectal cancer syndrome 
(HNPCCS, Lynch syndrome). 

Colonic adenomas are subdivided into tubular, tubulovillous, 
and villous subtypes based on the relationship of the proliferating 
epithelium to the underlying stroma. Tubular adenomas are 
composed of branching tubules embedded in lamina propria. 
Villous adenomas are formed by frond-like connective tissue 
cores covered by neoplastic epithelium. The greater the villous 
structure, the greater the risk of development of carcinoma. Size, 
however, is the greatest risk factor for the malignant potential of 
adenomas (Table 9.3). 

The surface of a polyp is a gross indicator of its tubular or 
villous nature. Tubular adenomas have 1-3 lobules, tubulovil- 
lous adenomas have 3-10 lobules, and villous adenomas have 
innumerable tiny lobulations corresponding to the villous 
fronds.” 

Radiographically, the surface of an adenomatous polyp 
may be smooth, lobulated (Fig. 9.26), finely granular, or 
reticular. The more the lobules demonstrated radiographically, 
the greater the villous component. 
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Fig. 9.27 Tubular adenoma of sigmoid colon depicted as a “bowler hat.” 
The brim of the hat (thin arrows) represents barium trapped between the 
minimally pedunculated adenoma and the surface of the colon. The top of 
the hat (thick arrow) is the polyp’s surface pointing toward the longitudinal axis 
of the bowel. (Reproduced with permission from reference 5) 


A small sessile polyp or pedunculated polyp retracted by its 
stalk against the mucosa may resemble a hemispheric filling 
defect in the barium pool or a “hat” when coated by barium 
(Fig. 9.27). The “brim” of the hat is the interface between polyp 
and normal mucosa; the top of the hat is the superior surface 
of the polyp. The dome of the hat projects inwardly toward the 
central longitudinal axis of the bowel. A pedunculated polyp 
seen en face also resembles a hat, with concentric ring 
shadows, the outer ring representing the edge of the polyp 
and the inner ring the pedicle (Fig. 9.28). This finding has 
been termed a “sombrero sign.” Indentation of a polyp’s base is 
not a reliable sign of malignancy. 

Adenomas that grow along the surface of the bowel are 
typically found in the cecum and ascending colon and the distal 
sigmoid colon and rectum, termed carpet lesions (Fig. 9.29). 
Despite their size and villous nature, only a small percentage of 
carpet lesions harbor malignancy. A contour defect in a carpet 
lesion, however, is a worrisome finding for the development of 
malignancy. 


Adenocarcinoma 


Most patients with advanced colonic cancers are symptomatic 
or have signs of bleeding such as heme-positive stools or iron 
deficiency anemia. Colonic cancers are relatively large lesions, 
usually greater than 2cm in size. Macroscopically, colonic 
cancers have annular, polypoid, plaque-like, flat ulcerated, or 
carpet-type morphologies. About 40-50% of colon cancers 
arise in the cecum, ascending colon, and transverse colon, 
out of reach of a flexible sigmoidoscope. There is an increased 
incidence of right-sided colon cancers in African-Americans 
and in patients with the hereditary non-polyposis colorectal 
cancer syndrome (Lynch syndrome). Flat umbilicated or 
plaque-like cancers are more frequently found in Japan. Syn- 
chronous cancers are found in 2-6% of patients. 


Fig. 9.28 
Pedunculated tubular 
adenoma of transverse 
colon. The 

polyp is hanging from 
the anterior wall. The 
head of the polyp is 
manifested as the outer 
barium ring (arrowhead) 
surrounding an area of 
increased radiodensity. 
The pedicle is seen en 
face as the inner barium- 
coated ring 

(arrow) surrounding an 
area of even greater 
radiodensity. 


Fig. 9.29 Carpet lesion of rectum. There is an abrupt transition between 
normal, smooth rectal mucosa and the villous adenoma (arrows). The distal 
rectum is carpeted by shallow nodules separated by barium-filled grooves. 
The flat nature of the lesion is evidenced by gross preservation of the normal 
rectal contour, disrupted only by shallow nodules in profile (arrowhead). 
(Reproduced with permission from reference 23) 


Annular cancers are the most common macroscopic form 
of adenocarcinoma and have a predilection for the transverse, 
descending, and sigmoid colon (Fig. 9.30). This macroscopic 
form is the end stage of a polypoid lesion spreading laterally to 
partially encircle the colon, then fully encircle the colon. An 
annular lesion has a 98% chance of serosal invasion; and a 50% 
risk of lymph node metastasis.” Radiographically, the annular 
lesion is relatively short for the depth of invasion, with an 
abrupt shelf-like margin. The annular narrowing is often 
asymmetric, thicker at the site of original polypoid lesion. 
The mucosal surface is nodular, ulcerated, or irregular. 

Polypoid cancers are most frequently found in the cecum or 
rectum. 95% of polypoid cancers are larger than 2 cm. Polypoid 
colon cancers have a better prognosis than annular lesions, as 
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Fig. 9.30 Annular 
adenocarcinoma of 
descending colon. 
There is a 5cm annular 
lesion with a shelf-like 
margin in profile 
(black arrowhead) and 
a sharp-edged margin 
in obliquity (white 
arrowheads). Centrally, 
the tumor has a nodular 
surface. 


Fig. 9.32 Large 
polypoid 
adenocarcinoma. Spot 
radiograph of the 
sigmoid colon 
demonstrates a 6cm in 
length polypoid mass 
(arrows) just beginning 
to encircle the colon 
(arrowhead). 


the rate of serosal invasion is 56% and the rate of lymph node 
metastasis 25%. Cancer arising in the head of a pedunculated 
polyp usually behaves in a benign fashion, with only a 7% 
chance of submucosal spread. Sessile or semipedunculated 
polypoid lesions have a poorer prognosis than pedunculated 
lesions. Radiographically, barium entering the interstices 
between tumor lobules results in a lobulated or coarsely nodular 
surface (Fig. 9.31). In profile, loss (elevation) of the luminal 
contour is seen. Polypoid cancers spread circumferentially 
(Fig. 9.32) forming Y-shaped (Fig. 9.33) or semiannular lesions. 

Carpet lesions are usually found in the cecum, ascending 
colon, and rectum.” Any focal mass-like elevation or ulcer- 
ation of the relatively flat contour of a carpet lesion or macro- 
scopic change in the relatively uniform reticular/nodular 
pattern of the surface indicates that a cancer may be present. 

Flat, umbilicated lesions or plaque-like tumors are less 
common macroscopic forms of adenoma or adenocarcin- 
oma.”° Small, flat, non-polypoid lesions appear as smooth 
or finely nodular round lesions. A small, central, round or 
irregular barium collection is often present (Fig. 9.34). Flat, 
umbilicated adenomas are usually 3-5mm; small flat 


Fig. 9.31 Polypoid 
adenocarcinoma of 
transverse colon. 

A 18cm sessile polypoid 
lesion (arrow) has barium 
in its interstices outlining 
nodular excrescences. 
This was the smallest 
colonic adenocarcinoma 
that had liver metastases 
in a recent 5-year period. 


Fig. 9.33 
Adenocarcinoma 
spreading along valve 
of Houston. A polypoid 
component is seen on 
the lateral wall of the 
rectum (arrows), as loss of 
contour and nodular 
mucosa. As the tumor 
infiltrates the valve of 
Houston, the fold is 
expanded (arrowheads), 
with a lobulated contour. 


adenocarcinomas are usually 12-18mm in size. Submucosal 
invasion occurs when the flat tumor is about 6-10 mm (see 
Fig. 9.34). Although we have detected small, flat carcinomas 
(see Fig. 9.34), the most common tumor causing a small, flat, 
umbilicated lesion in our population is a hyperplastic polyp. 
We also believe that small, flat, umbilicated cancers develop 
into large, plaque-like carcinomas that account for about 5% of 
advanced colonic carcinomas (Fig. 9.35). 

The complications of colonic carcinoma include obstruc- 
tion with secondary ischemia, intussusception, local perfor- 
ation, fistula formation, and small bowel obstruction. Cancer 
of the transverse colon may cause a cologastric fistula; cancer 
of the rectum, a colovaginal fistula; and cancer of the sigmoid 
colon, a colovesical fistula. 


Hyperplastic polyp 

Hyperplastic (metaplastic) polyps occur in 75% of people older 
than 40 years of age. They are most frequently found in the 
rectum as small, less than 5 mm smooth-surfaced, dome-shaped 
polyps arising on the crest of mucosal folds. However, hyperplas- 
tic polyps can be found anywhere in the colon and may be larger, 
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Fig. 9.34 Flat, 
umbilicated 
adenocarcinoma. Spot 
radiograph of the 
sigmoid colon 
demonstrates a 1.2 cm in 
length slightly elevated 
plaque-like lesion (thick 
arrows). A small barium- 
filled central umbilication 
is seen (thin arrow). 
(Reproduced with 
permission from 
reference 26) 


Fig. 9.36 Hyperplastic polyps in proximal rectum. Three small polyps, 
two sessile (arrowheads) and one semipedunculated (arrow) have finely 
lobulated surfaces. 


pedunculated polyps (Fig. 9.36), macroscopically indistinguish- 
able from pedunculated adenomas.” Hyperplastic polyps are not 
precancerous, but represent an alteration in maturation of 
normal epithelium, composed of elongated crypts lined by a 
serrated epithelium of intermediate cells and goblet cells. 


Juvenile polyp 


Juvenile polyps are non-neoplastic lesions most frequently 
found in the rectum in children and adolescents. The surface 
of the polyp is smooth, lined by normal columnar epithelial 
cells. Centrally, tubules are present lined by normal columnar 
epithelium. Many of the tubules are cystically dilated, separ- 
ated by an edematous, inflamed stroma. It is unknown whether 
these polyps are inflammatory or hamartomatous in origin. 


Fig. 9.35 Plaque-like 
adenocarcinoma, 
rectum. A 5cm in length, 
plaque-like elevation is 
seen (arrows). Shallow 
ulceration is manifested 
as protrusion of the 
central portion of the 
lesion outside of the 
expected luminal 
contour (arrowheads). 
(Reproduced with 
permission from 
reference 25) 


Fig. 9.37 

Fibrovascular polyp, 
transverse colon. A very 
long, pedunculated 
polyp (arrow) has a finely 
nodular surface. 


Radiographically, juvenile polyps are usually solitary, smooth- 
surfaced, pedunculated polyps, 1-3 cm. Juvenile polyps should 
not be confused with the rare fibrovascular polyp (Fig. 9.37), a 
lesion arising in the submucosa, composed of granulation 
tissue with a variable eosinophilic infiltrate. 


Hemangioma 


Although colonic hemangiomas are rare lesions, radiologic 
diagnosis is helpful as this lesion may be mistaken for hemor- 
rhoids or colitis at endoscopy. Patients often present at a 
young age with acute, recurrent, or chronic rectal bleeding 
that is often severe. Hemangiomas are associated with a variety 
of syndromes, including Klippel-Trénanuay-Weber syndrome. 
Cavernous hemangiomas are unencapsulated lesions, com- 
posed of large multiloculated thin-walled vessels, separated 
by loose connective tissue. These tumors usually arise in the 
submucosa of the rectum or sigmoid colon. 

Radiographically, phleboliths are found in about one-half 
of lesions, paralleling the bowel contour. The tumors are often 
carpet-like or circumferential shallow, scalloped elevations of 
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Fig. 9.38 Lipoma, 
ascending colon. Spot 
radiograph obtained 
with the patient in an 
erect position shows 

a smooth-surfaced, 
broad-based, semi- 
pedunculated polyp 
sagging inferiorly (arrow) 
toward the mid lumen. 


the contour with a nodular surface. Some hemangiomas 
appear as a smooth, sessile broad-based submucosal mass.”* 


Lipoma 

A lipoma is an encapsulated mass of mature fat, arising in the 
submucosa in 90% of patients and in the appendices epiploicae in 
10%. About 70% of colonic lipomas arise in the right colon. 
Multiple lipomas are found in about 25% of patients. Lipomas 
cause symptoms only when large, at least 3 cm, due to intussuscep- 
tion or bleeding related to fat necrosis with overlying ulceration. 

About two-thirds of lipomas arise from a broad-based pedicle 
(Fig. 9.38); small tumors may be sessile. The submucosal tumor is 
sharply demarcated by its obtuse angle with colonic wall or by its 
pedicle. The surface is smooth (see Fig. 8.5B), though its contour 
may be lobulated. A lipoma is soft and pliable, changing size and 
shape with palpation, varying degrees of colonic distention, 
during colonic spasm, or after colonic evacuation. 

The ileocecal valve frequently has abundant submucosal 
fat, distinguished from a true lipoma by lack of encapsulation. 
Fatty “infiltration” of the ileocecal valve is radiographically 
manifested as an enlarged, smooth, round or ovoid ileocecal 
valve, less than 4cm in size, with smooth, stellate folds radi- 
ating toward its opening into the ileum. Any discrete polypoid 
elevation of the valve cannot be deemed fatty infiltration. 


Carcinoid tumor 


Colonic carcinoid tumors have two predominant forms: 
small rectal lesions and larger neuroendocrine carcinomas. 
Rectal carcinoids are usually small, hindgut, submucosal 
lesions less than 2cm in size.” These small polypoid tumors 
have low malignant potential. About 20% of rectal carcinoids 
are larger neuroendocrine carcinomas. Colonic “carcinoid 
tumors” exclusive of the rectum are usually found in the 
cecum and ascending colon and are macroscopically indistin- 
guishable from adenocarcinoma, forming irregular annular 
lesions or large (>5 cm), fungating, sessile masses.*” 


Fig. 9.39 Lymphoma 
of cecum. Two smooth, 
broad-based, mass-like 
elevations are seen in the 
cecum (arrows). A few 
diverticula (arrowhead) 
are seen in the terminal 
ileum. 


Fig. 9.40 Lymphoma 
of colon. Overhead 
radiograph demonstrates 
a huge (20 cm in length), 
annular lesion in the 
ransverse colon. 

A proximal tapered margin 
arrow) and shelf-like distal 
margin (arrowhead) are 
present. Most of the 
mucosal surface is smooth, 
hough the contour is 
irregular on the inferior 
border. Despite the long 
circumferential nature of 
he tumor, the lumen is 
only minimally narrowed 
and no dilatation 
obstruction) of the 
proximal colon is present. 


Colonic lymphoma 


Colonic lymphoma comprises only 0.4% of colonic malig- 
nancy. Primary, non-Hodgkin B-cell lymphoma usually 
involves the cecum or rectosigmoid colon. Disseminated 
lymphomatous metastasis usually involves long segments or 
the entire colon. An increased risk of colonic lymphoma is 
present in patients with AIDS, solid organ transplantation, or 
long-standing ulcerative colitis. 

The most common form of primary colonic lymphoma is a 
broad-based, sessile, polypoid mass, with a smooth, but lobu- 
lated mucosal surface (Fig. 9.39).3! These bulky 4-20cm 
masses are most frequently located near the ileocecal valve 
and invade the terminal ileum. If cavitary ulceration occurs, 
the morphology is similar to a perforated adenocarcinoma or a 
rare gastrointestinal stromal tumor. 

The annular, infiltrating form of primary colonic lymph- 
oma is radiographically manifested as a relatively long concen- 
tric narrowing with thick interhaustral folds and a coarsely 
lobulated but smooth mucosal surface, suggesting a confluence 
of submucosal nodules (Fig. 9.40). Obstruction is minimal as 
the soft submucosal lymphoma does not narrow the lumen as 
much as a scirrhous adenocarcinoma. 
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Fig. 9.41 Squamous 
cell carcinoma of anal 
canal invades distal 
rectum. Originally, a 
verrucous squamous cell 
carcinoma had arisen in 
perianal/anal warts. Now, 
the anal canal is 
expanded by a nodular 
lesion (arrows). The 
tumor spreads superiorly 
to involve the right side 
of the rectal ampulla 
(arrowheads). 


The diffuse form of colonic lymphoma usually arises from a 
subpopulation of mantle cells or from dissemination of a pri- 
mary lymph node lymphoma. Radiographically, mantle cell 
lymphoma appears as numerous polygonal or ovoid smooth, 
sessile, hemispheric nodules varying from 2 to 25mm in 
diameter carpeting the colonic surface. This has been termed 
“lymphomatous polyposis.” The multinodular form can be 
radiographically confused with pneumatosis coli, familial 
adenomatous polyposis syndrome (family history of FAPS is 
present in 80% of patients with FAPS), diffuse infection such as 
pseudomembranous colitis (the patient usually has a history of 
diarrhea), or schistosomiasis. The diffuse form of lymphoma is 
distinguished from lymphoid hyperplasia, because the eleva- 
tions in lymphoma hyperplasia are round, uniform, 1-2 mm 
in size, and separated by normal epithelium, whereas the eleva- 
tions in lymphomatous polyposis are larger and non-uniform. 


Metastases 


The colon may be directly invaded by adjacent tumors of the 
anus (Fig. 9.41), prostate, cervix, left ovary, uterus, left kidney, 
or gallbladder.*” Nearby cancers of the stomach and pancreas 
may spread to the colon via the subperitoneal space or 
by lymphatic extension. Prostatic cancer may invade the anter- 
ior wall of the distal rectum through Denonvillier’s fascia 
(Fig. 9.42) or may spread to the anterior wall of the recto- 
sigmoid junction after invasion of the seminal vesicles 
(Fig. 9.43).°° Cancer of the left ovary may invade the inferior 
border of the sigmoid colon. Carcinoma of the left kidney may 
invade the distal transverse colon. Gastric cancer may spread 
down the gastrocolic ligament to the superior border of the 


Fig. 9.42 Prostate 
cancer invades rectum. 
The right lateral wall of 
the mid rectum and 
rectal ampulla is flattened 
by extrinsic tumor. 

The contour is focally 
spiculated (arrows). 
Folds of mucosa are 
pulled toward the 
tumor. (Reproduced 
with permission from 
reference 33) 


Fig. 9.43 Prostate cancer invades rectosigmoid junction. Spot radiograph 
of rectosigmoid colon obtained with the patient in a left lateral position 
demonstrates spiculation of the contour of the rectosigmoid junction (arrows). 
Mild mass effect is seen on the anterior wall. 


transverse colon. Pancreatic cancer may spread through the 
phrenicocolic ligament to the splenic flexure. In most cases, a 
contrast enema demonstrates asymmetric extrinsic mass effect. 
The colonic contour is thrown into spike-like points by 
the desmoplastic reaction at the site of serosal invasion (see 
Fig. 9.43). The mucosal surface is smooth, but the mucosa can 
be pulled into pleated folds by the desmoplastic tumor. 
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Fig. 9.44 Ovarian cancer with intraperitoneal metastases to the 
gastrocolic ligament secondarily involves transverse colon. The gastrocolic 
ligament attaches to the superior border of the transverse colon. Mass effect on 
the superior border of the proximal transverse colon is present. Tumor in the 
omental fat invading the serosal surface of the adjacent colon causes 
spiculation of the luminal contour (arrows). 


Intraperitoneal metastasis can result from any malignancy 
that abuts the peritoneum or has lymph node metastasis to the 
retroperitoneum or mesentery.***? The most common sites of 
origin are the ovaries, pancreas, stomach, colon, and liver. 
Breast carcinoma is the most common tumor that disseminates 
and secondarily seeds the peritoneum. Although the presence of 
intraperitoneal metastasis is better demonstrated by CT, the 
presence, location, and severity of colonic involvement is better 
determined by barium enema. The sites of intraperitoneal 
implantation are determined by the flow of intraperitoneal fluid 
into the most dependent portions of the peritoneal cavity.** 
Areas of intraperitoneal fluid pooling include the rectosigmoid 
junction (pouch of Douglas in a woman/rectovesical space in 
man), the sigmoid mesentery, the left and right paracolic 
gutters, the apron of the greater omentum or the gastrocolic 
ligament abutting the transverse colon (Fig. 9.44), and the right 
lower quadrant spaces abutting the cecum and ruffles of the 
small bowel mesentery. Radiographically, extrinsic mass effect 
is seen on the side of the bowel bathed in peritoneal fluid 
(Fig. 9.45). The luminal contour is spiculated and smooth 
mucosal folds are tethered toward the desmoplastic implant in 
a pleated, angulated, or parallel manner (see Fig. 9.44).*° Spicu- 
lation of the contour and pleating of folds may be seen, how- 
ever, in any desmoplastic process that spreads through the 
peritoneum, such as endometriosis, or spread of peritoneal 
inflammation due to pancreatitis (Fig. 9.46), tuboovarian 
abscess, diverticulitis, appendicitis, or Crohn’s disease. 


Approach to polypoid lesions 


A polyp is a macroscopic shape, not a histological diagnosis. If 
a sessile polyp is small (< 1 cm) and smooth, it is difficult to 
distinguish a mucosal from a submucosal lesion (see Fig. 9.27). 
Small sessile rectal polyps are often hyperplastic polyps or 


Fig. 9.45 
Intraperitoneal 
metastasis from 
ovarian cancer. 
Coned-down image from 
overhead radiograph 
obtained with the patient 
prone and the tube 
angled 30 degrees 
cephalad. Extrinsic 

mass effect on the 
rectosigmoid junction is 
seen as a vague 
increased density of the 
colon (thick black 
arrows), despite a smaller, 
tubular shape. 
Spiculation of the 
contour of the distal 
sigmoid colon is seen 
(thin black arrows). 
Smooth mucosal folds 
are pleated toward the 
tumor (white arrows). 


Fig. 9.46 Pancreatitis 
invades splenic flexure. 
A large, smooth, extrinsic 
mass is seen on the 
lateral wall of the splenic 
flexure (arrowheads). This 
was due to a pseudocyst. 
The inflammatory 
process spreads to the 
medial wall, manifested 
as spiculation of the 
contour (arrows). 


rarely carcinoid tumors, rather than adenomas. A granular or 
finely nodular surface on a subcentimeter polyp, however, 
is worrisome for a tubulovillous or villous lesion, thus requir- 
ing biopsy. Centrally umbilicated flat polyps of any size 
(see Fig. 9.34) may be in the spectrum from adenoma 
to adenocarcinoma, though most of our umbilicated flat 
polyps are hyperplastic polyps. Small pedunculated adenomas 
uncommonly behave in a malignant fashion, even with 
adenocarcinoma in the polyp’s head. 
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Fig. 9.47 Plaque-like adenocarcinoma distal rectum. A flat 3 cm in length 
tumor is seen on the right lateral wall of the distal rectum (arrows), extending to 
the anorectal junction (arrowhead). 


Fig. 9.49 Follicular 
proctitis. Radiograph of 
the rectum demonstrates 
numerous 1-2 mm, 
smooth, dome-shaped 
elevations, separated by 
normal smooth mucosa. 
These are large lymph 
aggregates spanning the 
muscularis mucosae. 


A polyp’s size is the best radiographic criterion for malig- 
nant potential (see Table 9.3). The radiologist assumes the worst 
case scenario that a polyp is an adenoma. Adenomas less than 
6mm are rarely malignant. About 1% of adenomas 6-10 mm 
are malignant and these are usually in the 8-10 mm range. But a 
6-10mm polyp with mucosal granularity suggests villous 
change, with an approximate 10% possibility of malignancy. 

Once polyps reach 1.5 to 2 cm, it is relatively easy to distin- 
guish a smooth submucosal lesion, such as a lipoma (see 
Fig. 9.38), from a mucosal lesion that has a granular or nodular 
surface, as the surface pattern is more accurately depicted. Any 
polyp with a granular or nodular surface is assumed to be an 
adenoma, with a 10% chance of malignancy if 1-2cm (see 
Fig. 9.31) and a 35-50% chance of malignancy if larger than 
2 cm (see Fig. 9.32). A smooth-surfaced bulky (> 2 cm) polypoid 
lesion may be a lipoma, lymphoma, lymphangioma, or GIST. 
Changing size and shape indicates a soft lesion such as a lipoma 
or a rare lymphangioma. CT can then confirm the diagnosis of 


Fig. 9.48 Polypoid 
elevations in 
pneumatosis cystoides 
coli. Smooth-surfaced, 
submucosal-appearing, 
hemispheric elevations 
(arrowheads) are seen on 
the left lateral wall of the 
descending colon. 
Radiolucent air is barely 
visible adjacent to some 
of the elevations (arrows). 
Scout film and 
subsequent CT 
confirmed the diagnosis. 


Fig. 9.50 Familial 
adenomatous 
polyposis coli. Spot 
radiograph of the distal 
descending and sigmoid 
colon demonstrates 
more than 40 3-5 mm 
smooth polyps. 


lipoma as a tumor of fat attenuation or lymphangioma as a cystic 
or multicystic tumor of water attenuation. 

Polypoid masses at the anorectal junction have a very wide 
range of diagnoses as this is the transition zone between the 
columnar rectal epithelium and the non-keratinizing squa- 
mous mucosa of the anal canal.*” Any anorectal junction polyp 
larger than 1 cm or any anorectal junction polypoid lesion with 
a granular or nodular surface should not be assumed to be an 
internal hemorrhoid (Fig. 9.47). 

When numerous polypoid elevations are seen, the clinical 
history is helpful in narrowing the differential diagnosis. The 
radiologist should first consider pneumatosis coli (Fig. 9.48), 
follicular proctitis (Fig. 9.49), or inflammatory/postinflammatory 
polyps from ulcerative colitis, schistosomiasis or C. difficile colitis 
(see Fig. 9.23). A positive family history is present in about 80% of 
patients with familial adenomatous polyposis syndrome (FAPS) 
(Fig. 9.50). Although only 50-60% of patients with Peutz-Jeghers 
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Table 9.4 Common causes of ischemic colitis 
Low flow states 
Cardiogenic shock: drugs, dehydration, sepsis 
Congestive heart failure 
Arrythmia 
Myocardial infarction 
Small vessel disease 
Diabetes 
Vasculitis 
Systemic lupus erythematosis 
Rheumatoid arthritis 
Henoch-Schénlein purpura 
Cryoglobulinemia 
Behcet's disease 
Amyloidosis 
Radiation therapy 
Disseminated intravascular coagulation 
Arterial occlusion 
Atherosclerosis 
Embolism 


Thrombosis 


Takayasu's disease 
Giant cell arteritis 
Venous occlusion 
Thrombosis 
Portal vein thrombosis 
Pancreatitis 
Hypercoagulable states: ITP, sickle cell disease 
Colonic dilatation 
Adynamic ileus 
Carcinoma 
Diverticulitis 
Volvulus 
Fecal impaction 
Colonic hypomotility 


Defecation disorder 


syndrome have a positive family history, the majority of Peutz- 
Jeghers patients will have only a few, large, pedunculated polyps 
in the colon, not a carpet of small lesions. Patients with the 
autosomal dominant multiple hamartoma syndrome (Cowden’s 
disease) usually have no colonic symptoms and are being screened 
for the small, sessile hamartomas most frequently found in the 


Fig. 9.51 Ischemia in 
watershed zone. Finely 
nodular mucosa is seen 
in the splenic flexure. The 
colon is mildly narrowed. 
This exam was performed 
6 days after an episode of 
acute bleeding while the 
patient was flying. 
Endoscopy had been 
performed 1 day earlier. 


rectosigmoid colon. The radiologist is more frequently involved 
in detecting follicular carcinoma of the thyroid gland or breast 
carcinoma, found in 10% and 30% of patients with Cowden’s 
disease, respectively. 


Miscellaneous abnormalities 
Ischemia, radiation change, and colonic urticaria 


A wide variety of disorders cause colonic ischemia (Table 9.4). 
The severity of ischemia varies from a transient form to trans- 
mural necrosis with perforation. The colon has several collateral 
arcs (the marginal artery of Drummond and the arc of Riolan), 
so ischemia usually results from low flow states and small vessel 
disease, rather than large vessel disease. Colonic dilatation due 
to adynamic ileus or obstruction may result in ischemia, from 
the spectrum of colonic urticaria to transmural necrosis. Fecal 
impaction causes rectal mucosal ischemia by dilatation and 
pressure necrosis, resulting in stercoral ulceration. 

In two-thirds of patients, ischemia occurs in the splenic 
flexure (Fig. 9.51), between the superior mesenteric and 
inferior mesenteric watersheds, especially when the mar- 
ginal artery is deficient. Ischemia is not uncommon in 
the cecum, the most distensible portion of colon, in the 
sigmoid colon, and in the rectum in patients with stercoral 
ulceration. Transient ischemia of the right colon has 
been associated with hypotension and various vascular 
reactions associated with cocaine, penicillin, or oral contra- 
ceptive use. 

Edema, hemorrhage, and superficial ulceration are seen in 
mild ischemia. This form is usually reversible, healing within 
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Fig. 9.52 Thumbprinting in acute ischemia. Spot radiograph performed 
during single contrast barium enema reveals smooth-surfaced hemispheric 
nodules throughout the distal descending and sigmoid colon. 


1-2 weeks. Moderate ischemia results in deeper ulceration 
and fibrosis with healing.** Transmural necrosis, pneumato- 
sis, and perforation occurs with more severe forms of 
ischemia. 

CT is the primary radiological examination in patients 
with acute severe abdominal pain or bloody diarrhea, dem- 
onstrating symmetric bowel wall thickening, submucosal 
edema, pneumatosis coli, free intraperitoneal gas, and fluid. 
However, a contrast enema, if performed, will demonstrate 
signs of acute ischemia in 80-90% of patients, as smooth, 
round mucosal elevations, termed thumbprinting and thick, 
transversely oriented folds (Fig. 9.52). Mucosal ischemia 
alone may be manifested as a colonic urticarial pattern, with 
relatively flat, polygonal islands separated by thin barium- 
filled grooves (Fig. 9.53).°? Sloughing of the necrotic layer 
leads to ulceration 1-3 weeks after the initial ischemia. If a 
contrast enema is performed, small or large ulcers of punctate 
or longitudinal shape may be demonstrated. Strictures develop 
in a minority of patients (Fig. 9.54). These are usually mani- 
fested as smooth, tapered narrowings. Some ischemic stric- 
tures are sacculated opposite the scarred, flat colonic wall. 

Chronic radiation colitis is a form of chronic ischemia, 
owing to progressive obliterative endarteritis. Barium studies 
are usually performed in the chronic phase, to exclude other 
causes of bloody discharge, diarrhea, or lower abdominal pain. 
The mucosal atrophy and wall fibrosis of radiation colitis is 
manifested as tubular, featureless, narrow colon. This typically 
occurs in the rectum, because most radiation is performed for 
prostatic or cervical cancer. The valves of Houston are absent 
and the distal sigmoid sacculation disappears (Fig. 9.55). Focal 
stricture formation is manifested as smooth, featureless nar- 
rowings. Fistulas to the bladder or vagina may be present. 


Hemorrhoids 


Internal hemorrhoids are a common cause of rectal bleeding. 
They are often manifested as smooth, undulating, or lobulated 


Fig. 9.53 Colonic urticarial pattern due to acute adynamic ileus and 
marked diffuse colonic dilatation with subsequent mucosal ischemia. 
Spot radiograph of the transverse colon demonstrates numerous 3-6 mm flat 
polygonal islands of mucosa separated by barium-filled grooves. Although 
originally described in urticaria, this radiographic pattern is usually seen in 
diseases causing mucosal ischemia associated with colonic dilatation due to 
obstruction or adynamic ileus or in patients with a variety of acute infections. 


Fig. 9.54 Ischemic 
stricture. Spot 
radiograph of the 
proximal sigmoid colon 
shows a 4cm mild 
narrowing (arrow) with 
smooth, tapered margins 
and mildly nodular 
mucosa. 


folds extending up to 3 cm from the anorectal junction. In other 
patients, internal hemorrhoids may appear as a group of mul- 
tiple small, smooth, ovoid, submucusoal-appearing nodules in 
contiguity with anorectal junction, resembling a “bunch of 
grapes” (Fig. 9.56). However, rectal carcinoma may arise in 
the same location as internal hemorrhoids and appear as polyp- 
oid mass with an irregular mucosal surface or as a plaque-like or 
lobulated mass. Therefore, if nodules at the anorectal junction 
have an irregular contour or surface, or if lobulated folds extend 
greater than 3cm from the anorectal junction, endoscopy with 
biopsy should be performed to exclude a rectal carcinoma. 
Other polypoid lesions may be seen at the anorectal junction, 
such as an inflammatory cloacogenic polyp. 
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Fig. 9.55 Radiation 
change, rectosigmoid 
colon. Image from 
overhead radiograph 
demonstrates a mildly 
narrow tubular 
rectosigmoid colon with 
finely granular mucosa in 
the rectum. This patient 
had undergone radiation 
therapy for cervical 
carcinoma. Catheters in 
the ureters extend into 
the urinary bladder. 


Fig. 9.57 
Endometriosis 
involving sigmoid 
colon. A smooth- 
surfaced mass is seen on 
the inferior wall of the 
sigmoid colon 
(arrowheads). Colonic 
wall thickening is due to 
hyperplasia and fibrosis 
of the muscularis propria 
due to infiltrating 
endometrial tissue. 
Spiculation of the 
contour (arrows) reflects 
the desmoplastic 
reaction. 


Endometriosis 


Ectopic endometrial tissue primarily involves the peritoneal 
surfaces of pelvic organs, in particular the ovaries, fallopian 
tubes, and rectouterine space (pouch of Douglas). The serosa 
and subserosal fat of the rectosigmoid junction and sigmoid 
colon is more frequently involved than that of the terminal 
ileum. Endometrial tissue may burrow, however, into the mus- 
cularis propria, submucosa, and even mucosa of pelvic bowel 
loops. As the endometrial tissue passes through the proliferative 
and secretory phases of the menstrual cycle, bleeding, necrosis, 
and regeneration of endometrial tissue results in serosal 
puckering and extensive subserosal fibrosis. Deeper endometrial 
invasion causes thickening of the muscularis propria. 
Radiographically, the bowel contour is spiculated (Fig. 9.57) 
and the mucosal folds are tethered toward one wall or have 
a pleated appearance en face.“ Extrinsic mass effect is seen, 
predominantly on the anterior wall of the rectosigmoid junction 


Fig. 9.56 Internal 
hemorrhoids. Spot 
radiograph demonstrates 
four 4-6 mm, ovoid, 
smooth-surfaced 
elevations (arrows) 
grouped together just 
proximal to the anorectal 
junction. 


Fig. 9.58 
Intussusception 
extending into distal 
rectum. The lumen of 
the intussusceptum is 
filled with barium (thick 
arrows). The leading 
edge of the 
intussusceptum is 
identified by arrowheads. 
The lumen of the 
intussuscipiens/distal 
rectum is indentified by 
thin arrows. The cervix (C) 
is descending almost to 
the vaginal introitus. 


and in the sigmoid colon. The findings are indistinguishable 
from intraperitoneal metastasis, but the age of the woman and 
clinical history are guides to the diagnosis. Rarely, deeper bowel 
wall invasion may result in a smooth, polypoid mass or annular 
narrowing. 


Findings at defecography 
Rectal intussusception 


Asymmetric or concentric telescoping of a proximal portion of 
the rectum into a more distal portion of the rectum is termed 
intussusception (Fig. 9.58). The significance of infolding of 
rectal wall into the distal rectum is not known. Invagination 
of rectal wall into the anal canal is abnormal, however, 
leading to sensation of incomplete evacuation, obstructed 
defecation, and solitary rectal ulcer syndrome. A defecogram 
will not demonstrate the double contrast morphologic findings 
of chronic mucosal prolapse syndromes (solitary rectal 
ulcer syndrome, colitis cystica profunda, inflammatory cloaco- 
genic polyp): thick, nodular valves of Houston, focal 
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Fig. 9.59 Solitary 
rectal ulcer syndrome. 
Spot radiograph from 
double contrast barium 
enema (not defecogram) 
shows a 3cm area of 
focal mucosal nodularity 
(arrows) in the mid 
rectum. This finding 
mimics a carpet-like 
adenoma of the rectum. 


Fig. 9.61 Rectocele 
prolapsing through 
vaginal introitus. A large 
rectocele (R) is pushing into 
he posterior vaginal wall 
while the entire barium- 
coated lower vagina 
arrows) has prolapsed out 
of the vaginal introitus into 
he perineal space. An 
arrowhead identifies 
barium going through 

he anal canal. 


ws 


ulceration, a polyp at the anorectal junction, or areas of con- 
fluent mucosal nodularity (Fig. 9.59) that mimic a carpet-type 
adenoma. 


Anal cushion prolapse 


The anal cushions/hemorrhoidal tissue may be pushed from 
the anal canal into the perineum during defecation. Mild 
eversion of anal tissue is manifested as a rim of lobulated tissue 
at the anal opening. This usually develops during defecation. 
Greater anal cushion prolapse is manifested as a large lobu- 
lated mass extending into the perineum. 


Abnormal relaxation of puborectalis muscle 
or anal sphincter 


Incomplete relaxation of the puborectalis muscle during defeca- 
tion has been termed anismus or spastic pelvic floor syndrome. 
Radiographically, there is incomplete flattening of the puborec- 
talis muscle during defecation (persistence of the anorectal angle) 
or a radiolucent bar of tissue crossing the distal-most rectum 
during defecation (see Fig. 8.23B). Slow, incomplete, or abnor- 
mal opening of the anal sphincter is manifest as a narrow 
opening at the level of the anal sphincter. 


Rectocele 


A rectocele is a broad-based bulge of the anterior wall of the 
distal rectum, developing during defecation (Fig. 9.60) and 
usually persisting with a variable amount of retained barium 
after the initial attempt at defecation. This finding is often 
found in asymptomatic patients or in conjunction with other 


Fig. 9.60 Rectocele. 
There is a 6cm broad- 
based protrusion of the 
anterior wall of the 
rectum (R), deviating the 
ower vagina anteriorly 
(arrow). A small amount 
of rectal mucosa is 
invaginating into the 
umen of the distal 
rectum (arrowhead). This 
patient complained of 
incomplete rectal 
evacuation and inserted 
a finger into her vagina 
to aid rectal clearance. 


Fig. 9.62 
Sigmoidocele. 
Radiograph obtained at 
the end of defecation 
shows a loop of sigmoid 
colon (S) (identified as 
colon by the haustral 
sacculation and 
diverticulum) between 
the vagina (arrow - V) 
and the collapsed mid 
rectum (arrow — R). 

A small rectocele (r) 
shows stasis. Mild 
intussusception of distal 
rectal tissue is also 
present (arrowheads). 


abnormalities. Stasis in the outpouching results in a sensation 
of incomplete evacuation. As images are not obtained in the 
frontal view during defecation, the lateral extent of a rectocele 
or a lateral rectocele may be missed. A large rectocele can bulge 
deeply into the posterior vaginal wall and even protrude into 
the perineum (Fig. 9.61). 


Enterocele and sigmoidocele 


The anterior wall of the rectum and posterior wall of the 
vagina are tethered together by the rectovaginal septum. If 
the rectovaginal septum is damaged by childbirth, surgery, or 
other means, the pelvic ileum or sigmoid colon may fall 
between the vagina and rectum, forming an enterocele or 
sigmoidocele, respectively. These entities lead to symptoms of 
a mass or bulge “in” the rectum or a feeling of incomplete 
evacuation. An enterocele is best demonstrated toward the end 
of defecation or when the woman increases abdominal pres- 
sure. Barium- opacified small bowel protrudes between the 
vagina and rectum to a varying depth (see Fig. 8.25C), some- 
times to the level of the anal canal. If barium has not opacified 
the sigmoid colon and an unexpected soft tissue gap is 
seen between vagina and rectum, a sigmoidocele should be 
suspected. If a sigmoidocele is suspected from a previous 
defecogram, barium enema, or CT, oral barium is allowed to 
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reach the sigmoid colon or more barium is instilled into the 
rectum via the Miller air tip. The sigmoidocele will then be 
demonstrated as a loop of sigmoid protruding inferiorly 
between the vagina and rectum (Fig. 9.62) 


Postoperative colon 


Contrast enemas are performed for a variety of reasons in post- 
operative patients. An enema may be used to demonstrate the 
residual colonic anatomy, the presence or healing of a leak (see 
Fig. 8.19) or fistula, or development of a stricture. An end-to-end 
anastomosis appears radiographically as a transition zone, often 
ring-like, with a caliber change between the proximal and distal 
loops (Fig. 9.63). The mucosal surface is smooth. A side to end 
anastomosis appears as two tubular loops of bowel in a “T” shape. 
Without surgical history, the stump of a side to end colorectal 
anastomosis can be mistaken for a leak. 

A slight smooth elevation in the immediate postoperative 
period may be a stitch granuloma or submucosal edema. Any 
contour irregularity in the remote postoperative period is 
suspicious for recurrent tumor, focal ischemia, or radiation 


Fig. 9.63 Mild 
narrowing at ileorectal 
anastomosis after near- 
total colectomy for 
juvenile polyposis. The 
ileorectal anastomosis 
(arrow) measures 1.2 cm. 
Small and large polyps 
(large arrowheads) are 
seen in the residual distal 
rectum. Lymphoid 
hyperplasia is seen in the 
distal-most ileum (small 
arrowheads). 


change, depending on the clinical history. A contrast-filled 
track outside the expected luminal contour or staple lines is 
consistent with a leak or, if communicating with another organ 
or skin, a fistula. 
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Chapter 


Parvati Ramchandani, MD 


Evaluation of the urinary bladder and urethra 


Voiding cystourethrogram and cystogram 


During a voiding cystourethrogram, both the bladder and the 
urethra are evaluated. The studies are ideally performed with 
real time fluoroscopic guidance. The term “cystogram” implies 
evaluation of the bladder alone, without the voiding phase of 
the examination. 


Indications 


Cystography and voiding cystourethrography are performed 

for the following indications: 

1. Evaluation of the bladder and the male posterior urethra 
for leaks. 

2. Evaluation for suspected fistulas involving the lower 
urinary tract. 

3. Evaluation for vesicoureteral reflux in patients with 
recurrent or chronic urinary tract infections. Occasionally, 
evaluation for vesicoureteral reflux may be requested in 
patients receiving intravesical medications such as formalin 
for severe hemorrhagic cystitis; if vesicoureteral reflux is 
seen in such cases, intravesical instillation of medications 
may not be feasible. 

4. Evaluation of patients with lower urinary symptoms such 
as difficulty in initiating voiding, incomplete voiding, 
incontinence, and post void dribbling. 

5. Evaluation for suspected urethral diverticula, primarily in 
female patients. 


Technique 


If the patient presents with an indwelling catheter in the 
bladder (suprapubic or transurethral), that catheter is used to 
fill the bladder with contrast. If there are two indwelling 
catheters, one catheter is clamped and the other is used to fill 
the bladder. If there is no catheter present, a Foley catheter is 
placed for the study, as described below. 


Technique for female urethral catheterization 

Adequate exposure of the urethra is the key to successful 
catheterization in females. In young, slim women, catheteriza- 
tion is relatively easy but in older women who are overweight 


Fluoroscopic evaluation of the bladder, urethra, 
and urinary diversions 


or have pelvic floor laxity and prolapse, urethral catheteriza- 
tion can be quite challenging. The reader is referred to an 
excellent video? for precise details and illustrations on female 
urethral catheterization. 

Prepackaged urethral catheterization kits are readily avail- 
able and contain all the necessary equipment. A frog leg 
position (flexion of both knees and then abduction of the 
thighs as far as feasible for the patient) or lithotomy position 
facilitates the procedure. It is also useful to have an overhead 
light illuminating the genital region. The tray is opened and all 
the equipment is readied; antiseptic solution is poured on the 
cotton swabs, and the lubricant jelly is squeezed onto the tray 
and then applied to the catheter tip. The sterile drapes included 
in the kit are then positioned appropriately. The labia minora 
are separated with the fingers of the non-dominant hand; this 
hand is now unsterile and is used to maintain urethral expos- 
ure. In very overweight women or in those with significant 
pelvic prolapse, an assistant will facilitate the procedure. The 
urethral meatus is located between the clitoris and the vaginal 
introitus, and is cleansed with the antiseptic soaked swabs, 
followed by advancement of the catheter (with lubricated tip) 
into the bladder. Once urine starts to drain through the cath- 
eter, it should be advanced a few centimeters further, to ensure 
complete positioning in the bladder. 

Currently, non-latex catheters are preferred for urethral 
catheterization. 14 or 16 French catheters are generally used 
for adult women. The balloon of the catheter is inflated with 
5 ml of sterile water (supplied in the kit) or room air; although 
air is not recommended for inflation of the balloon in catheters 
which are placed for bladder drainage, it allows easier visual- 
ization of the balloon in the contrast-filled bladder for radio- 
graphic studies. Once the balloon is inflated, the catheter is 
tugged gently to ensure that it will remain in place for the 
duration of the study. 

The vagina may be inadvertently catheterized instead of the 
urethra, particularly if there is pelvic prolapse. In our experi- 
ence, questioning the patient is often not helpful as patients are 
sometimes unable to tell whether the catheter is within the 
urethra or vagina (Fig. 10.1). Although absence of urine flow 
through the catheter should be a clue that the catheter is not 
within the bladder, this too is not helpful if the patient has 
voided immediately prior to the study. Contrast injection will 
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Fig. 10.1 Inadvertent vaginal catheterization during bladder catheterization. A. Vagina was catheterized inadvertently. Although the superior aspect of the 
distended vagina simulates the bladder, the vaginal mucosal folds inferiorly (arrow) are a clue to the malposition of the catheter. B. Contrast opacification of 
the bladder shows normal bladder. C. Contralateral oblique view shows a small bladder diverticulum (long white arrow) which is not visible on the oblique 


projection of B. 


confirm the improper position of the catheter in the vagina. In 
this circumstance, it is best to leave the vaginal catheter in 
place to mark the vaginal introitus, and then catheterize the 
urethra using a new sterile catheter kit. 


Technique for male urethral catheterization 


A standard urethral catheterization kit is utilized in men as 
well, and the sterile technique is similar to that used in women. 
Extension of the penis by pulling gently on the tip of the penis 
is important to straighten the urethral curve at the peno scrotal 
junction, and facilitate passage of the catheter. In uncircum- 
cised males, the prepuce (foreskin) should be retracted prior to 
the cleansing of the tip of the penis and the urethral meatus 
with antiseptic soaked gauze. Injection of viscous lidocaine 
jelly into the urethra can make the catheter placement more 
comfortable; the jelly comes preloaded in a blunt-tipped syr- 
inge that is injected into the urethral meatus after sterile 
preparation of the urethra. The urethral meatus should be 
firmly occluded (by compressing the glans penis with two 
fingers) for a minute or two after the lidocaine instillation, so 
that the jelly can remain in contact with the anterior urethral 
mucosa. If pressure is not applied, the jelly tends to flow out of 
the meatus immediately. The catheter should be liberally lubri- 
cated before advancement into the urethra, except when a 
retrograde urethrogram is performed. This will be discussed 
further in the appropriate section. 

14-16 French Foley catheters are used in most adult 
men. Although straight rubber catheters can also be used 
for these studies, the catheter is much less stable in position 
than those with balloons, and there is a risk of inadvertent 
catheter withdrawal as the patient is moved into different 
positions, or brought upright for the voiding portion of the 
study. Asking the patient to breathe deeply and concentrate 
on relaxing the pelvic floor helps in passing the catheter 
through the external sphincter. Anxious young men can 
tighten their pelvic floor to the point where catheter passage 
can be very difficult. If there is significant resistance to 


passing the catheter, contrast should be injected under 
fluoroscopic guidance to evaluate the urethra and exclude a 
stricture. If there is no urethral abnormality, going up a 
French size in catheter size is often helpful, as the increased 
stiffness of larger catheters facilitates pushing the catheter 
forward into the bladder while decreasing the catheter size 
only causes increased looping in the capacious bulbar 
urethra, rather than helping in forward movement of the 
catheter. In patients with urethral tortuosity, and in men 
with enlarged prostate glands, a Foley catheter with a curved 
tip (Coude catheter) may help in negotiating through the 
urethra into the bladder. Using a rotating motion and a well 
lubricated catheter with gentle continuous forward pushing 
will allow successful catheterization of most men.’ 


Technique of examination 


The bladder should be drained completely of any urine 
through the catheter. If there is suspicion of an active urinary 
tract infection, the study should be deferred and the patient 
treated with appropriate antibiotics. We do not routinely use 
pre-procedure antibiotics for cystograms or voiding cysto- 
urethrograms, but antibiotic prophylaxis should be considered 
in patients with a history of urinary tract infections.’ 

At our institution, we perform hand injections of con- 
trast loaded into 60 ml blunt-nosed syringes (catheter-tipped 
syringes), which fit securely into the flared end of the Foley 
catheter. Gravity drip injection into the bladder is an alter- 
native way to fill the bladder, where a bottle of contrast is 
connected to the catheter through a connecting tubing. The 
proponents of the gravity drip method believe it to be a 
more convenient and safer way to opacify the bladder, but 
the two methods are probably equivalent; the hand injection 
method tends to be a slightly quicker way of distending the 
bladder. 

A preliminary film is obtained prior to the start of the 
study to evaluate for calculi and bony and bowel abnormalities. 


Chapter 10: Fluoroscopic evaluation of the bladder, urethra, and urinary diversions 


Images of the bladder are obtained in different projections, 
including a frontal anteroposterior projection as well as 
oblique views, so that all portions of the bladder are well 
visualized; abnormalities may be visible only on one projec- 
tion in many cases (Fig. 10.1B and C). Images are obtained 
when the bladder is partially filled, and again when there 
is maximal distention. The bladder should be filled until a 
detrusor contraction occurs, which can be at very variable 
volumes, ranging from 300ml to 600ml or higher. In a 
patient who has an indwelling catheter, or has recently 
undergone bladder surgery, a detrusor contraction often 
occurs at a lower intravesical volume due to irritability of 
the bladder. 

Water-soluble radiographic contrast is currently the con- 
trast of choice for evaluation of the lower urinary tract. 
Adverse reactions to contrast administered into the bladder 
are rare, but can occur, particularly if there is extravasation 
from the bladder. Thirty percent concentration of contrast 
is sufficient for evaluation of the bladder and urethra in 
most patients, but when evaluation is being performed to 
assess for a leak from the bladder, higher strength contrast 
(60% or higher) helps in identifying even small leaks with 
certainty. 

After the patient has emptied the bladder as much as pos- 
sible, a post void radiograph is obtained to document the degree 
of bladder emptying and assess for extraluminal contrast. 

The examination has to be tailored slightly differently, 
depending on the clinical indication for the study. These 
specific variations will be considered after a discussion of the 
normal anatomy. 


Technique for retrograde urethrogram 


This is the best study to evaluate the male anterior urethra.* 
A voiding cystourethrogram (VCUG) evaluates the female 
urethra well, and we do not perform retrograde urethrograms 
in women at our institution. If questions remain after a 


VCUG, or the VCUG findings are not concordant with clinical 
findings, as can happen in women with anterior vaginal wall 
masses, an MRI of the pelvis is the next imaging study to 
evaluate the female urethra. 


Technique 


In men, the urethral meatus and penis is cleansed and draped 
as described above for bladder catheterization. The catheter is 
not lubricated, to prevent slipperiness of the catheter and 
inadvertent displacement during contrast injection. A 14 
French Foley catheter is generally used and the catheter can 
be flushed with contrast prior to insertion to prevent injection 
of large air bubbles. The catheter is advanced into the urethra, 
until the balloon is in the fossa navicularis, which is a slightly 
wide area in the most distal penile urethra, just proximal to the 
meatus. 

The balloon should be inflated with fluid rather than air, as 
fluid is less compressible and the catheter less likely to slip out of 
the urethra during the examination. 1-2 ml of saline can be 
used, but we prefer to use 1-2 ml of radiographic contrast 
instead, so that the inflated balloon can be visualized on the 
images, and its position and degree of balloon distention clearly 
seen (Fig. 10.2). The catheter is tugged gently, to make sure it is 
stable in position within the urethra. It is important to not over 
distend the catheter balloon in order to avoid mucosal injury in 
the fossa navicularis, but the balloon has to be sufficiently 
distended to retain the catheter within the urethra during the 
examination. The patient is then positioned in a 45 degree 
oblique position, with the dependent thigh flexed at the knee; a 
bolster can be placed behind the patient’s back to support him in 
this position. The penis is then gently extended and positioned in 
a cephalad direction to straighten the curve at the penoscrotal 
junction, and display the entire anterior urethra without overlap 
of adjacent segments (see Fig. 10.2). When the penis is fully 
extended for the study, the syringe attached to the catheter points 
towards the shoulder of the patient. In very obese patients, the 


VA 


Fig. 10.2 Retrograde urethrogram. A. The balloon of the catheter is inflated with contrast in the fossa navicularis (white arrow). There is a high-grade stricture 
in the proximal bulbar urethra (black arrow) through which a small amount of contrast is flowing into the posterior urethra and urinary bladder. 

Notice the obliquity of the patient and the traction on the penis which straightens out the anteroposterior curve of the urethra at the penoscrotal junction. 

B and C. Continued urethral distention causes intravasation into the corpus spongiosum (white arrowheads, B and C), not seen on the early image (A). 
Spongiosal veins opacify on later images (black arrowheads, C). There is an overlying metal scale (C) to measure the length of the stricture. 
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penis may retract into the tissues of the anterior abdomen, 
making catheterization as well as penile extension difficult. 

After catheter placement, contrast is injected under fluoro- 
scopic guidance, until the anterior urethra is well distended to 
the level of the external sphincter. In young men, contrast will 
generally not flow above the external sphincter into the poster- 
ior urethra, as the sphincter is closed in the resting state when 
the patient is not voiding. It is important not to overdistend the 
urethra, particularly if strictures are present, as contrast can 
intravasate into the corpus spongiosum around the urethra, 
with venous filling (see Fig. 10.2). Intravasation into the venous 
structures will cause considerable bleeding from the urethra 
when the catheter is removed, and manual compression of the 
penis should be initiated until bleeding stops. 

Images are obtained only in the 45-degree oblique position 
that the patient has been placed in (see Fig. 10.2); images in the 
contralateral oblique view are only necessary if better delinea- 
tion of a stricture or other pathology is required (Fig. 10.3). 

In patients who have sustained pelvic trauma, the examin- 
ation is generally performed in the trauma bay in a single 
frontal projection with static radiographs. Although the entire 
urethra may not be optimally evaluated with this technique, 
the images usually suffice to evaluate for urethral trauma and 
determine if a Foley catheter can be safely advanced into the 
urinary bladder (Fig. 10.4). 


Normal anatomy 
Urinary bladder 


During early filling, the bladder wall may appear slightly 
irregular due to the undistended mucosal folds, and may have 


Fig. 10.3 Simultaneous retrograde 
urethrogram and voiding cystourethrogram, 
with contrast injected through a suprapubic 
catheter (arrow). There is traumatic occlusion of 
the urethra at the prostatomembranous junction 
due to pelvic fracture (same patient as in Fig. 10.4). 
In the right posterior oblique projection (A), it is 
difficult to determine whether there is a high-grade 
stricture or segmental occlusion of the urethra but 
in the contralateral oblique projection (B), the 
segment of urethral occlusion is well 
demonstrated. 


Fig. 10.4 Retrograde urethrogram in trauma bay in patient 

involved in a MVC. Only a single frontal projection can be obtained in 
these circumstances. There are multiple pelvic fractures and diastasis of the 
pubic symphysis. There is extravasation of contrast from the bulbar urethra 
and the injury appears to extend both above and below the membranous 
urethra, representing a complete type Ill injury, which went on to stricture 
completely (See Fig. 10.3). A suprapubic catheter was placed to drain 

the bladder. 


a round or oval shape in the horizontal direction (Fig. 10.5A). 
A fully distended bladder is oval in the craniocaudal direction, 
and the wall of the bladder is smooth (Fig. 10.5B). There 
should be no vesicoureteral reflux. 

When a catheter has been present for longer than a few 
days in the urinary bladder, the dome of the bladder may 
demonstrate slight irregularity due to irritation by the catheter, 
referred to as catheter-induced cystitis (Fig. 10.6). A small 
amount of vesicoureteral reflux may also be seen in such 
patients, due to irritation of the trigone and resultant incompe- 
tence of the vesicoureteral junction. 
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Fig. 10.6 Cystogram 
performed through a 
suprapubic catheter in 
a patient with MVC 
and urethral trauma 
(same patient as in Figs. 
10.3 and 10.4). There is 
irregularity at the dome 
of the bladder. This is 
likely related to irritation 
by the suprapubic Foley 
drainage catheter 
(catheter-induced 
cystitis). 


Urethra 


In females, the urethra is short, of relatively uniform caliber, 
and courses obliquely downward and forward from the blad- 
der neck to the urethral meatus. The region of the external 
sphincter is not clearly defined on imaging studies in most 
females (Fig. 10.7). 

In males, the urethra is divided into the posterior and 
anterior portions. The posterior urethra is best imaged with 
a voiding cystourethrogram, as it has smooth muscle in its 
walls (referred to as the posterior urethral sphincter com- 
plex) which is constricted in the resting state and completely 
relaxed only during voiding (Fig. 10.8). The posterior 
urethra extends from the bladder neck to the external 
sphincter and consists of the prostatic urethra and the 
membranous urethra (see Fig. 10.8). The prostatic urethra 
passes through the prostate and is identified by an impres- 
sion on its posterior aspect, the verumontanum; the utricle 
(a vestige of the mullerian ducts) opens in the center of 
the verumontanum and the prostatic ducts and the 


Fig. 10.5 A, B. Normal cystogram. Early 
bladder filling shows bladder to be wider in 
the horizontal direction. Note the smooth 
contour of the bladder in a young patient. B. At 
maximal distention, bladder is oval-shaped in a 
vertical direction. 


Fig. 10.7 Normal 
voiding 
cystourethrogram in a 
woman. The urethra 

is short and relatively 
featureless compared to 
the male urethra. 


ejaculatory ducts open on either side of the verumontanum 
(see Fig. 10.8B and C). The prostatic ducts and ejaculatory 
ducts rarely fill in normal patients but are frequently opaci- 
fied in patients with urethral strictures, in patients who have 
had prostatitis (Fig. 10.9), and in patients who have under- 
gone transurethral resection of the prostate for benign pros- 
tatic hypertrophy. 

During voiding, the prostatic urethra is the widest part of 
the urethra. The membranous urethra is approximately 1 cm 
long and is located immediately distal to the verumontanum 
(see Fig. 10.8A and B). 

The anterior urethra is best evaluated with a retrograde 
urethrogram (see Fig. 10.8A). It consists of the bulbar urethra, 
which extends from the external sphincter to the penoscrotal 
junction, and it is normally quite wide in caliber. The 
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Fig. 10.8 Retrograde urethrogram (RUG) (A) and voiding cystourethrogram (B) on the same patient. The RUG demonstrates the pendulous urethra (P) 
and bulbar urethra (B). The bulbomembranous junction has a cone-shaped appearance and the urethral caliber changes at the level of the membranous 
urethra (thick arrow) where the external sphincter is located. The posterior urethra is opacified due to retrograde flow of contrast but the prostatic and 
membranous urethra (both parts of the posterior urethra) fully distend only when the patient voids (B). PR — prostatic urethra with filling defect due to the 
verumontanum. Note that during voiding, the external sphincter relaxes, and the exact location of the membranous urethra (thick arrow) is more difficult to 
identify; it is approximately 1 cm distal to the verumontanum. C. VCUG on a different patient shows a prominent verumontanum (V). The bladder is 
trabeculated with several small diverticulae due to bladder outlet obstruction caused by prostate enlargement. 


Fig. 10.9 VCUG in a 
20-year-old man with 
neurogenic bladder 
and multiple episodes 
of prostatitis. There is 
retrograde filling of the 
prostatic ducts (arrows), 
giving a “prostatogram." 
Patient also has reflux 
into the left ureter. 
Catheter in abdomen is a 
ventriculoperitoneal 
shunt. 


pendulous urethra is suspended by the suspensory ligament 
and extends to the urethral meatus. Cowper’s ducts may some- 
times be opacified on a retrograde urethrogram in a normal 
patient but are more frequently seen when there is a urethral 
stricture in the distal bulbar or penile urethra; they drain into 
the bulbar urethra from the Cowper’s glands, which are small, 
paired, lubricating glands located within the urogenital dia- 
phragm (Fig. 10.10). 


Fig. 10.10 VCUGina 
patient with a mid bulbar 
urethral stricture 

(not well demonstrated 
on this image) shows 
retrograde opacification 
of the prostate ducts 
(short white arrows), 
Cowpers’s duct (long 
black arrow), and 
Cowper's gland (short 
black arrow). The stricture 
causes urethral pressures to 
be high during voiding and 
results in retrograde reflux 
into ductal structures which 
are not seen in the absence 
of a stricture. The Cowper's 
glands are located within 
the urogenital diaphragm 
and the Cowper's duct 
drains into the proximal 
bulbar urethra. 


Evaluation for leaks and fistulas 
Bladder leaks 


Evaluation of the urinary bladder for leak or extravasation may 
be required in the following clinical situations: blunt or pene- 
trating abdominopelvic trauma; following surgery such as 
partial cystectomy for neoplasm, nephroureterectomy with 
bladder cuff excision for upper track urothelial carcinoma, 
ureteral reimplantation, renal transplant with anastomosis of 
the donor ureter to urinary bladder (ureteroneocystostomy), 
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Fig. 10.12 Extraperitoneal extravasation after bladder biopsies. 
65-year-old male who underwent multiple bladder biopsies for suspected 
urothelial carcinoma. Multiple sites of extravasation are seen into the perivesical 
extraperitoneal space. The leaks healed after 4 weeks of Foley catheter drainage. 


repair of fistulas to or from the urinary bladder, radical pros- 
tatectomy with vesicourethral anastomosis, and suspected iat- 
rogenic injuries such as after deep bladder biopsies or 
after inadvertent intraoperative trauma to the bladder. In all 
situations where the purpose of the examination is to exclude 
extravasation from the urinary bladder, distention of the blad- 
der until a detrusor contraction occurs is essential to be certain 
that a small leak is not overlooked (Fig. 10.11). Images should 
be obtained in multiple obliques for optimal evaluation and 
confident exclusion of a leak. 


Bladder trauma 


Motor vehicle crashes are the most common cause of injuries to 
the bladder. The majority of patients with bladder injuries due to 
blunt trauma have associated pelvic fractures (60-90% of 
patients), while one-third of patients with pelvic fractures may 
have an associated bladder injury.*"'° Intraperitoneal bladder 
injuries can occur in patients who have sustained blunt trauma 
but have no pelvic fractures. It is important to exclude urethral 
injury by first performing a retrograde urethrogram before 
attempting catheterization of the urinary bladder in male patients 


Fig. 10.11 Importance of adequate bladder 
distention to demonstrate leaks from the 
bladder. 56-year-old woman who had abdominal 
pain a few hours after bladder biopsies. A. On 

the early filling, no extravasation was seen. B. When 
the bladder was filled further until a detrusor 
contraction occurred, intraperitoneal extravasation 
is seen, with contrast outlining bowel loops in the 
pelvis. The patient was managed with a Foley 
catheter and the leaks healed in 2 weeks. 
Intraperitoneal injuries due to blunt trauma usually 
require operative repair but biopsy related leaks 
will often heal with Foley catheter drainage alone. 


with pelvic fractures, particularly if there is blood at the urethral 
meatus, or if there is clinical suspicion for urethral trauma 
(see Fig. 10.4). The bladder can also be injured by penetrating 
trauma due to stab wounds or gunshot wounds, or be involved 
in iatrogenic injuries such as after deep bladder biopsies 
(see Figs. 10.11 and 10.12), or inadvertent intraoperative trauma. 

The main task of imaging in patients with suspected 
trauma to bladder is to determine if there is injury to the 
bladder, and whether the injury is extraperitoneal or intraperi- 
toneal. This distinction is the most important factor in the 
management of bladder trauma as most intraperitoneal injur- 
ies require operative repair of the laceration, while extraperi- 
toneal injuries largely heal with bladder drainage alone. Some 
exceptions to this general rule are as follows: intraperitoneal 
perforation caused by a deep bladder biopsy will often heal 
with bladder drainage alone and may not require operative 
repair and conversely, extraperitoneal injuries that do not heal 
in several weeks with adequate bladder drainage may some- 
times require surgical repair. Patients who present with pelvic 
fractures and have gross hematuria have a high likelihood of 
bladder injury, ranging from 32 to 85% in different series,” 
and should undergo imaging to evaluate the bladder. In the 
absence of pelvic fractures, microscopic or gross hematuria are 
considered to be relative indications for imaging evaluation, 
with the need for imaging determined by clinical symptoms 
such as suprapubic pain or voiding difficulties.” 

Sixty percent of major bladder injuries are extraperitoneal 
and are usually associated with pelvic fractures. Extraperitoneal 
ruptures can be either simple or complex, depending on 
whether the contrast extravasation is confined to the pelvic 
extraperitoneal space alone (simple), or associated with disrup- 
tion of fascial planes so that the extravasated contrast extends 
outside the pelvis to involve the anterior abdominal wall, 
perineum, or the external genitalia (complex) 658 (Fig. 10.13). 
One-third of bladder injuries are intraperitoneal and result 
from injury to the lower abdomen when the urinary bladder is 
distended. These injuries involve the dome of the bladder, 
which is covered by peritoneum, and so an injury at this site 
causes intraperitoneal extravasation; there may be no associated 
pelvic fractures. Figure 10.11B demonstrates the typical appear- 
ance of an intraperitoneal leak on a cystogram. In combined 
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bladder injury, both intra- and extraperitoneal contrast extrava- 
sation will be seen. 

Most patients suspected to have bladder trauma are evalu- 
ated with a CT cystogram at the time of initial presentation. 
Currently, a fluoroscopic evaluation to assess the bladder for 
trauma is usually requested in patients who may not have been 
evaluated with a CT at initial presentation, or to follow-up 
known bladder trauma. Both CT cystography and conven- 
tional cystography are similar in their sensitivity and specifi- 
city for detecting and characterizing bladder injury.”"® 

Fluoroscopic cystography. The presence of radiographic con- 
trast material outside the urinary bladder indicates bladder 
rupture. With extraperitoneal leaks, the contrast agent remains 
in the pelvis (see Figs. 10.12 and 10.13); with intraperitoneal 
leaks, contrast material may outline bowel loops and extend into 


Fig. 10.13 
Extraperitoneal 
extravasation from the 
urinary bladder. 
Intraoperative cystogram 
in a patient involved in a 
MVC. There is extensive 
extraperitoneal 
extravasation which is 
complex and extends 
into the perineum. 


PORTABLE 


the peritoneal cavity (see Fig. 10.11). Combined leaks are less 
common. A post drainage radiograph is very important to 
detect small posterior leaks that may be obscured by the dis- 
tended bladder, particularly in patients who cannot be turned 
into oblique positions due to their pelvic fractures. One advan- 
tage of a CT cystogram is that there is no necessity to turn a 
traumatized patient to obtain images in different projections. 

Some special situations where a VCUG or cystogram may 
be requested to evaluate for a leak are discussed below. 


Postoperative evaluation of the urinary bladder 


for leaks 
Partial cystectomy or nephroureterectomy with bladder cuff 
excision for urothelial neoplasm 


Patients may undergo partial cystectomy for tumors arising 
from an urachal remnant, or if there is extension of tumors into 
the bladder from adjacent organs. Most urothelial neoplasms of 
the bladder are treated with a radical cystectomy for an extirpa- 
tive cure. When nephroureterectomy is performed for an upper 
track urothelial tumor, a cuff of the urinary bladder is also 
removed at the ureteral insertion site, as there is a high rate of 
recurrence of tumor if the cuff is not excised. A Foley catheter is 
placed to promote bladder healing and a cystogram may be 
requested to confirm complete healing of the bladder prior to 
removal of the Foley catheter. Since the ureter inserts poster- 
iorly on the urinary bladder, images in steep contralateral 
oblique projection are important to evaluate the surgical site. 


Ureteral reimplant 


Patients with ureteral strictures of the sacral or pelvic ureter, or 
injury (iatrogenic or penetrating trauma) to the pelvic ureter 


Fig. 10.14 A 63-year-old woman who underwent right distal ureterectomy for urothelial carcinoma with right ureteral reimplantation and Psoas hitch. 
A. Scout image demonstrates surgical clips and right ureteral stent. B. Frontal view and C. oblique projection show a conical tented appearance of the bladder. Small 
amount of reflux is seen around the right ureteral stent into the right pelvic ureter (arrow) (C). 
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may undergo reimplantation of the normal segment of the 
ureter (above the injury site) into the urinary bladder. The 
ureter is anastomosed to the superior dome of the bladder, and 
the bladder has a tented appearance on the side of the reim- 
plant (Fig. 10.14). The surgical procedures utilized for ureteral 
reimplantation are either a psoas hitch or a Boari flap com- 
bined with a psoas hitch, which are well described in Rasswei- 
ler et al (2007).'' Multiple obliquities should be obtained to 
visualize the ureteral anastomotic site without overlap with the 
opacified bladder. Reflux into the ureter from the urinary 
bladder is common after a reimplant (see Fig. 10.14). 


Renal transplant 


Following renal transplantation, the ureter is often anasto- 
mosed to the anterosuperior aspect of the dome of the urinary 
bladder (referred to as the ureteroneocystostomy), and the 
ureterovesical anastomosis is best depicted in the ipsilateral 
posterior oblique position. Evaluation of the bladder for leaks 
may be requested in patients in whom surgical drains have a 
high output of fluid; drain fluid which is high in creatinine is 
suspicious for a urinary leak (Fig. 10.15). Reflux into the 
transplant ureter from the urinary bladder may be seen in 
some but not all patients on a cystogram, and lack of ureteral 


Fig. 10.15 Leak at 
ureteroneocystostomy 
site after a renal 
transplant. Cystogram in 
a patient 10 days post 
right renal transplant for 
elevated serum 
creatinine shows a large 
amount of extravasation 
at the ureteral 
anastomosis site. There is 
a small amount of reflux 
into the native right 
ureter (arrow). 


reflux does not imply that there is a stricture at the 
ureteroneocystostomy. 


Radical prostatectomy 


Radical prostatectomy is performed for organ-confined pros- 
tate cancer, and open or laparoscopic techniques may be 
used. The prostate and seminal vesicles are resected away 
from the bladder neck and the distal urethra, and a new 
vesicourethral anastomosis created between the bladder neck 
and the urethra just proximal to the external sphincter. 
A large bore Foley catheter (20-22 French) is left in place 
for urethral healing. There is an institutional variation in 
whether a routine postoperative study is performed or not 
in these patients. When performed, the study is usually done 
10-15 days after surgery. Frontal and bilateral oblique pro- 
jections are essential to evaluate the anastomosis thoroughly, 
and if a leak is seen, removal of the catheter is deferred till the 
leak is completely healed (Figs. 10.16 and 10.17). 


Urethral trauma 


The posterior urethra can be injured in 5% of patients with 
pelvic fractures. These injuries usually affect the membranous 
urethra and are related to the tearing of the puboprostatic 
ligaments which attach to the bony pelvic arch. Anterior 
urethral injuries account for one-third of all urethral injuries, 
involve the bulbar urethra, occur in patients with straddle 
injuries with direct injury to the bulbar urethra, and there 
are no associated pelvic fractures. 

Posterior urethral injuries are classified into four 
types*’?"'°: type I, posterior urethra stretched but intact; 
type II, urethra disrupted at the membranoprostatic junction 
above the urogenital diaphragm (Fig. 10.18); type III, mem- 
branous urethra disrupted, with extension to the proximal 
bulbous urethra or disruption of the urogenital diaphragm 
(most common injury) (see Fig. 10.4); type IV, bladder neck 
injury with extension into the urethra; and type IVa, injury of 
the base of the bladder and periurethral extravasation simulat- 
ing a true type IV urethral injury. Partial or complete pure 


Fig. 10.16 Small leak at the vesicourethral 
anastomosis after radical prostatectomy. This 
small leak did not preclude catheter removal after 
the study. The leak is seen only on the left posterior 
oblique projection (B) but not on the right 
posterior oblique projection (A), emphasizing 

the necessity for multiple projections for optimal 
postoperative evaluation. 
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Fig. 10.17 Extravasation post radical prostatectomy on cystogram. A. Leak from the vesicourethral anastomosis (arrow) is well seen in a left posterior oblique 
projection and not as clearly depicted on the right posterior oblique projection B. Repeat study 10 days later (C) shows healing of the extravasation. 


Fig. 10.18 Type Il 
urethral injury. 
Retrograde urethrogram 
demonstrates 
extravasation above the 
bulbomembranous 
junction (urogenital 
diaphragm) (arrow). Due 
o the presence of a 
pelvic fixator for the 
pelvic fractures, the 
patient could not be 
urned into a more 
suitable oblique 
projection. 
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anterior urethral injury is classified as type V (Fig. 10.19). 
Imaging evaluation of urethral injuries should focus on 
whether the injury is a partial or complete disruption of the 
anterior or posterior urethra, and whether posterior urethral 
injuries are complicated by extension to the bladder neck or 
rectum." 

Traumatic Foley catheter placement can injure the urethra 
anywhere along its length. If the patient has a catheter in place, 
the bladder should be filled with contrast and the patient 
encouraged to void around the catheter to exclude a leak. If 
the patient has difficulty voiding, the Foley balloon can be 
deflated slightly to make voiding easier. If the patient is still 
unable to void, a small bore feeding tube can be placed into the 
urethra alongside the Foley catheter, and contrast injected for a 
rough estimate of the integrity of the urethra. This latter 
technique is often very uncomfortable for patients, and the 
visualization of the urethra may be insufficient for optimal 
evaluation. As a last resort, contrast can be injected as the 
Foley catheter is slowly withdrawn through the urethra. If a 
leak is seen, a new catheter can be advanced back into the 
bladder under fluoroscopic guidance. 


Fig. 10.19 Straddle 
injury of the bulbar 
urethra. Retrograde 
urethrogram 
demonstrates a type 

V partial injury to the 
proximal bulbar urethra 
(arrow). 


Bladder and urethral fistulas 


Bladder 


Fistulas can occur between the bladder and the adjacent colon 
(colovesical), small bowel (enterovesical), and vagina (vesico- 
vaginal). The most common causes are diverticulitis, malig- 
nancy, inflammatory bowel disease (chiefly Crohn disease), 
and iatrogenic causes. 


Colovesical and enterovesical fistulas 


Colovesical fistulas are the most common type of fistulous com- 
munication between the urinary bladder and the bowel, with 
diverticular disease of the colon, especially the sigmoid colon, 
being the most frequent cause of colovesical fistulas, accounting 
for as many as 70% of cases. Patients present with recurrent 
urinary tract infections and symptoms of dysuria. Pneumaturia 
and fecaluria, which are highly suggestive symptoms of colove- 
sical fistula, were present in 71.4% and 51.0% of the patients, 
respectively, in a recent series.® 1° Men are more frequently 
affected, possibly because of a protective effect of the interpos- 
ition of the uterus between the colon and the bladder in women. 

Malignancy is the second most common cause of colovesical 
fistula, but most tumors in the developed West are diagnosed 
and treated early, and thus uncommonly present as a fistula. 
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Rectal carcinoma is the most common tumor to cause fistulas, 
and results in rectovesical fistula. Colon cancer may also rarely 
present as a fistula. Locally advanced carcinoma of the cervix, 
particularly after radiation therapy, may also lead to fistulas. 


Diagnosis of fistulas 


CT scanning of the abdomen and pelvis is the most sensitive 
imaging test for detecting a colovesical and enterovesical fis- 
tula, and should be included as part of the initial evaluation of 
suspected colovesical fistulas. Although CT may not demon- 
strate the fistulous tract, other typical findings, such as intra- 
vesical air and focal bladder wall thickening are highly 
suggestive of the presence of a fistula. Three-dimensional 
reconstruction is useful and may demonstrate the fistulous 
connection better than axial images alone.’ 

Cystograms and barium enemas may demonstrate a fistula 
but are much less sensitive than a CT scan in evaluation for a 
colovesical fistula. After a barium enema, small amounts 
of barium may be present in the urine, which can be detected 
by radiography of a centrifuged sample and is known as a 
Bourne test.” Establishing the exact site of a fistula can some- 
times be difficult on imaging studies. In a recent paper,'° 
colovesical fistula was correctly diagnosed by the poppy seed 
test (ingested poppy seeds are voided in the urine) in 94.6% 
compared to abdominopelvic computerized tomography in 
61.0%, magnetic resonance tomography in 60.0%, cystogram 
in 16.7%, retrograde colonic enema in 35.7%, cystoscopy in 
10.2%, and colonoscopy in 8.5%. A barium enema may be 
particularly useful in distinguishing a colovesical fistula due 
to diverticulitis from that due to a perforated colon cancer. 

As described above with reference to evaluating the bladder 
for leaks, when performing a study to look for a potential 
fistula, the urinary bladder should be distended with contrast 
until a detrusor contraction occurs. Imaging in multiple 
oblique projections is often needed to demonstrate small leaks. 

It may be difficult to distinguish colovesical fistulas due to 
diverticulitis from those due to colon cancer on CT and endo- 
scopic biopsy may be the only option. Patients with sigmoid 
diverticulitis will often demonstrate changes related to inflam- 
matory disease with fluid in the root of the sigmoid mesentery 


and engorgement of adjacent sigmoid mesenteric vasculature. 
When pericolic lymph nodes are present, it suggests the diag- 
nosis of colon cancer rather than diverticulitis. ”? 


Vesicovaginal fistulas 


In developing countries, 90% of vesicovaginal and ureterova- 
ginal fistulas are caused by obstructed labor.” ”* During pro- 
longed or obstructed labor, the vaginal tissues and the bladder 
trigone are compressed for a prolonged period between the 
fetal head and the bony pelvis, causing tissue necrosis with 
development of a fistula between the bladder and the vagina 
(vesicovaginal) or the rectum and the vagina (rectovaginal) in 
the early postpartum period (3-10 days postpartum). Recto- 
vaginal fistulas occur less frequently. 

In developed countries, most vaginal fistulas are a result of 
pelvic surgery, malignancies, radiation therapy, infection, and 
trauma” and obstetric etiologies of fistulas are uncommon. 
More than 50% of such fistulas occur after hysterectomy for 
benign diseases such as leiomyomas of the uterus, menstrual 
irregularities, and uterine prolapse, and occasionally after 
cesarean section.” Blunt dissection of the bladder during the 
mobilization of the bladder flap may cause devascularization 
or an unrecognized tear of the posterior bladder wall, with 
subsequent fistula formation. Additionally, if the vaginal cuff is 
accidentally incorporated into the bladder, it can cause tissue 
ischemia, necrosis, and fistula formation. The ureter may 
become injured during the pelvic dissection involved in gyne- 
cologic surgery and present as a delayed ureterovaginal fistula. 

Pelvic radiation therapy to treat cervical or endometrial 
carcinoma can cause delayed fistulas from 1 month to many 
years after the initial radiation treatment and vesicovaginal 
fistula may occur with or without cancer recurrence. 

Patients present with symptoms of constant urinary leak- 
age from the vagina. Imaging studies are aimed at evaluating 
both the bladder for a fistula (fluoroscopic or CT cystogram) 
and also the ureters for injury, with either an IVU or a CT 
urogram. When evaluating the bladder, it is essential to place 
the patient in a steeply obliqued position so that the vagina 
and the urinary bladder are clearly separated without overlap 
(Figs. 10.20 and 10.21). In many women, there may be 


Fig. 10.20 Vesicovaginal fistula. A. Cystogram 
demonstrates a fistula (arrow) from the posterior 
aspect of the bladder dome to the vagina on the 
lateral projection, which is necessary to 
demonstrate the exact location and size of the 
fistulous communication. B. On an oblique view, 
location and size of fistula are not clear. 
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Fig. 10.22 Vaginal voiding. There is retrograde opacification of the vagina 
from the urethral meatus when the patient voids, which can be seen as a 
normal finding in many women. U — urethral meatus, V — vagina. In a 
patient with a suspected vesicovaginal fistula, images should be obtained 
with dynamic fluoroscopy so that retrograde vaginal opacification is not 
mistaken for a fistula. 


retrograde opacification of the vagina from the urethral 
meatus during voiding (sometimes called vaginal voiding), 
which can cause confusion when evaluating for a vesicovaginal 
fistula (Fig. 10.22). Dynamic evaluation under fluoroscopic 
observation allows determination of the direction of vaginal 
filling - from the urethral meatus cephalad (normal variant), 
or from the bladder into the vagina, indicating a fistula. The 
bladder should be distended until the fistula opacifies or a 
detrusor contraction occurs. For surgical repair, it is important 


Fig. 10.21 Vesicovaginal fistula. Importance 

of appropriate positioning. A. Frontal projection 
from a VCUG demonstrates contrast in the vagina 
but it is not clear where and if a fistula is present. 
B. On an oblique projection, fistula from the base 
of the bladder (arrow) opacifies the vagina. There is 
no contrast in the urethra, so this represents a 
fistula and not retrograde vaginal opacification 
from the urethra. 


Fig. 10.23 Urethrorectal fistula. Patient had attempted repair of a urethral 
stricture a few months before. There is a track of contrast (arrow) which 
connects the urethra at the site of the stricture to the rectum (R). 


to determine the location of the fistula on the bladder, and the 
size of the fistula. 


Urethral fistulas 


Rectourethral, rectovesical, and urethrocutaneous fistulas 
are almost always related to a postsurgical complication 
(Fig. 10.23), such as after radical prostatectomy, or pelvic 
radiation therapy. Severe chronic infection or massive decubi- 
tus ulcers in patients with spinal cord injury may involve the 
urethra. Fistulas may also be seen in acute infections such as 
with Fournier gangrene. In women, urethrovaginal fistulas 
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may occur after surgery for urethral diverticula. The technique 
for examination is similar to that for a routine VCUG - images 
during voiding with satisfactory urethral opacification and 
images in an oblique position to display the urethra without 
overlap with the bladder or the pelvic bones are essential for a 
high-quality study. 


Evaluation for vesicoureteral reflux 


This study may be requested in adult patients with recurrent 
or chronic urinary tract infections (see Fig. 10.9) and is an 
essential study in the evaluation of children presenting with 
febrile pyelonephritis. Occasionally, evaluation for vesicour- 
eteral reflux may be requested in patients receiving intravesical 
medications such as formalin for severe hemorrhagic cystitis; if 
vesicoureteral reflux is seen in such cases, intravesical instilla- 
tion of medications may not be feasible. 

Reflux may occur as the bladder is filled, and is referred to 
as “passive reflux.” It is more clinically significant than reflux 
that occurs only during voiding. When reflux is seen, it is 
important to document how high the reflux ascends to in the 
ureter and collecting system. Patients may also complain of a 
feeling of incomplete emptying and frequent desire to urinate 
if there is significant vesicoureteral reflux. 

Intermittent fluoroscopy is utilized as the bladder is filled 
to detect transient reflux. In patients with indwelling catheters 
or stents, or in the early postoperative period after surgery on 
the bladder, vesicoureteral reflux may be seen, which usually 
resolves once the catheters are removed and is of no clinical 
significance (see Figs. 10.1C and 10.12). 


Evaluation of patients with voiding 
dysfunction 


Patients may be referred for lower urinary voiding symptoms 
such as difficulty in initiating voiding, incomplete voiding, 
incontinence, and post void dribbling. Such patients are often 
evaluated with a physiologic study in the urologist’s office, 
known as a urodynamic study, where bladder pressures are 
measured during filling and voiding, and correlated with the 


urine flow rate. If there is suspicion for anatomic abnormal- 
ities that may be accounting for the symptoms, patients may be 
referred for a VCUG. 


Poor urinary stream 


Urinary stream may be poor due to functional abnormalities in 
the bladder, which are best assessed with a urodynamic study. 
During the VCUG, radiographic evaluation is aimed towards 
evaluating the urinary bladder and the urethra for abnormalities. 


Bladder diverticula 


These are acquired mucosal outpouchings in the bladder, 
which occur usually in older male patients with bladder outlet 
obstruction due to prostate enlargement and benign prostatic 
hypertrophy, or with other causes of outlet obstruction, such 
as urethral strictures. Bladder diverticula associated with blad- 
der outlet obstruction can be considered “pseudo diverticula,” 
since they do not contain all the layers of the bladder wall. The 
bladder is trabeculated in patients with outlet obstruction (see 
Figs. 10.3 and 10.8C). 

Bladder diverticula fill increasingly as the bladder fills 
(Figs. 10.24 and 10.25). During voiding, there may be preferential 
flow into the bladder diverticulum, rather than flow out through 
the urethra. Once voiding is complete, the diverticulum empties 
into the bladder. Thus, large diverticula can create a situation of 
stasis within the urinary bladder. Large bladder diverticula can 
cause a feeling of incomplete voiding, frequency, and urinary tract 
infections. Due to the stasis, calculi may form within the diverticu- 
lum (see Fig. 10.24). There is also a slightly increased risk of 
neoplasms within bladder diverticula. 

It is important to assess the interior of the diverticulum for 
filling defects which may represent either stones or tumors (see 
Fig. 10.24). If filling defects are seen, correlation with cystos- 
copy should be recommended for further assessment of the 
diverticulum. Large bladder diverticula can cause compression 
and medial displacement of the ureter. 

Hutch diverticula are true bladder diverticula, which con- 
tain all the layers of the bladder wall, and are usually in a juxta- 
ureteral location at the trigone. Bladder diverticula in young 


Fig. 10.24 Bladder diverticulum with stones. A. Scout radiograph demonstrates faintly opaque calculi (white arrows). B and C. There is filling of a wide-necked 
diverticulum on the left posterior aspect of the bladder. The stones are seen as filling defects which are layering in the inferior aspect of the diverticulum (black 
arrows). C. A post void image demonstrating increased filling of the diverticulum during voiding (not shown). 
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Fig. 10.26 Collagen 
injection for stress 
incontinence. There is a 
smooth filling defect 
(arrows) at the bladder 
neck, which represents 
the submucosal collagen 
suspension. Clinical 
correlation should always 
be obtained to exclude a 
mass causing a similar 
appearance. 


patients who have no bladder trabeculation or outlet obstruc- 
tion likely represent Hutch diverticula. 


Prostate enlargement 


Findings suggestive of prostate enlargement may be seen on a 
VCUG (see Fig. 10.25). The prostatic urethra is elongated and 
posteriorly bowed, and may be compressed to a variable 
degree. The bladder contour will often be irregular due to 
trabeculation in such men. Post void residual assessment is 
important in such patients after the patient completes voiding. 
Large residuals put the patient at risk for urinary tract infec- 
tions and are an indication of deteriorating bladder function. 


Stress urinary incontinence 


In males, stress urinary incontinence is almost always 
related to previous surgery such as a radical prostatectomy 
or transurethral resection of the prostate for BPH. The 
surgeries can cause injury to the external sphincter, and 
result in stress incontinence. When severe, patients undergo 
surgical placement of an artificial urinary sphincter.”* 
Evaluation of the urethra may be requested in such patients 


Fig. 10.25 Large bladder diverticulum in a 
patient with an enlarged prostate on a VCUG. 
A. Early image during bladder filling. B. Image 
during voiding. There is increased filling of the 
diverticulum as the patient voids (B). There is 
posterior bowing of the prostatic urethra with 
slight narrowing (arrow), indicating prostatic 
enlargement due to benign prostate hypertrophy. 


Fig. 10.27 Prolapse of 
the bladder (cystocele) 
in a 66-year-old 
woman. The bladder 
neck (marked by the 
urethral catheter) (arrow) 
is located several 
centimeters cephalad to 
the bladder base. On 
upright images, the 
bladder base should 
normally be located at 
the inferior edge of the 
pubic symphysis in a 
premenopausal woman 
with a well-supported 
pelvic floor. 


if there is suspicion for erosion of the urinary sphincter 
cuff into the urethra. 

In perimenopausal and menopausal women, particularly if 
they have had vaginal childbirth, the periurethral and vaginal 
support tissues can become atrophic. Patients may develop 
stress urinary incontinence when they lift heavy weights, 
cough, or sneeze. Collagen suspension may be injected into 
the submucosal tissues at the base of the bladder neck for mild 
symptoms. A VCUG after collagen injection will often show a 
filling defect at the bladder base; clinical history is important in 
evaluating such patients and excluding a submucosal mass 
causing the radiographic abnormality (Fig. 10.26). Stress 
incontinence may also be associated with prolapse of the 
bladder, such that the bladder neck and base are located below 
the pubic symphysis, and may protrude through the vaginal 
introitus (Fig. 10.27). 


Urethral strictures 


The most common etiologies are trauma, iatrogenic causes, 
and sexually transmitted infections (STI). Traumatic injuries 
were discussed in the preceding section, urethral trauma. 
Strictures related to cystoscopic or Foley catheter traumas tend 
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to be focal and occur at the urethral meatus, the penoscrotal 
junction, and at the bulbo membranous junction. Urethral 
strictures are a risk factor for development of carcinoma and 
if marked irregularity is seen at the stricture site, endoscopic 
evaluation and biopsy by a urologist should be recommended 
to exclude development of a neoplasm. 

Inflammatory strictures are related to non-gonococcal and 
gonococcal STI. They typically involve the anterior urethra 
diffusely, and there may be multiple strictures. The glands of 
Littre, which are lubricating glands in the pendulous urethra, 
may become prominent in patients with inflammatory strictures, 
and are best seen on a retrograde urethrogram (Fig. 10.28). With 
long-standing strictures, the high pressure voiding may cause 
retrograde reflux into the intraprostatic ducts, ejaculatory ducts, 
and into the Cowper’s duct (see Fig. 10.10). 

When strictures have caused urethral occlusion, a suprapubic 
catheter is placed for bladder drainage. Complete evaluation 


Fig. 10.28 Retrograde urethrogram demonstrates small outpouchings on the 
dorsal aspect of the penile urethra, which are prominent glands of Littre. 
Opacification of the glands is an indicator of inflammatory urethritis. 


D 


requires simultaneous VCUG and retrograde urethrogram, so 
that the length of urethral occlusion can be accurately gauged for 
surgical planning (Fig. 10.3). 


Urethral diverticula 


These are uncommon in men and related either to trauma 
(postsurgical or pelvic trauma) or to congenital outpouchings, 
which are most common in the anterior urethra. 

Urethral diverticula in women can cause symptoms of 
dyspareunia, recurrent urinary tract infections, and post void 
dribbling. They occur due to infection within the paraurethral 
glands which are located in the distal two-thirds of the urethra; 
the most distal of these glands are called the Skene’s glands. 
The infection leads to an abscess that ruptures back into the 
urethra, and a diverticular outpouching that communicates 
with the urethra. 

Urethral diverticula can be complicated by stones and by 
the development of neoplasms, primarily adenocarcinoma. 
They are well demonstrated on a VCUG (Fig. 10.29), but the 
accuracy reported in the literature for detection of diverticula 
is approximately 65%. In our own experience, well done 
VCUGs will almost always demonstrate urethral diverticula, 
and lack of filling of the diverticulum may be due to the fact 
that an anterior vaginal mass that is clinically suspected to be 
a urethral diverticulum may in fact represent some other 
cystic mass not connected to the urethra. A double balloon 
positive pressure urethrography technique has been described 
in the literature, but we do not use this technique.”° In cases 
where the clinical evaluation and VCUG findings are discord- 
ant, MRI is very helpful in evaluation of the female urethra.”” 
MRI also allows better assessment of the circumferential 
involvement of the urethra by the diverticulum, the presence 
and position of necks connecting the diverticulum to the 
urethra, and the relationship of the diverticulum to the blad- 
der neck for surgical planning. 


c 
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Fig. 10.29 Urethral diverticulum in a 35-year-old woman. A. Voiding cystourethrogram demonstrates an outpouching of the posterior aspect of the mid 
urethra, which represents a urethral diverticulum. B. The diverticulum fills more as voiding progresses. C. The post void radiograph demonstrates residual 
contrast within the diverticulum (arrows). Multiple projections are necessary to demonstrate the full extent of the diverticulum and its relationship to the urethra; 


MRI is often helpful in this regard. 


206 


Section 2: GU Tract 


Evaluation of urinary diversions following 
cystectomy 


Radical cystectomy followed by urinary diversion is most often 
performed in patients with deeply muscle invasive bladder 
carcinoma. Cross sectional imaging plays an important part 
in the evaluation of these patients both pre- and postopera- 
tively,”*”° but will not be addressed to any length in this text. 
Fluoroscopic evaluation is indicated in a few circumstances, as 
will be discussed below, primarily to exclude a leak from the 
urinary diversions. Urinary diversion involves the conversion 
of a segment of large or small intestine into a conduit or 
reservoir to which the ureters are anastomosed. The diversion 
can require the use of a urinary collection device which is 
attached to the urostomy stoma (usually a segment of ileum 
is fashioned into a conduit but segments of large bowel may 
also be utilized) or a continent diversion may be performed, as 
discussed below, with the latter method involving either ortho- 
topic bladder replacement with attachment to the intact native 
urethra or creation of a reservoir with cutaneous diversion. 


lleal conduit urinary diversion 


This is the oldest form of urinary diversion that is still used 
commonly in clinical practice. Also known as a Bricker loop, the 
procedure involves excluding a 15-20 cm long segment of ileum 
from the bowel. The distal end of the segment is brought up to 
the right lower quadrant abdominal wall as a urostomy stoma, 
and the ureters are attached in a spatulated fashion to the 
conduit.*°*? A collection device is applied to the urostomy site 
at the skin. Active peristalsis is maintained in the ileal segment, 
which propels urine into the collection bag. There is free reflux 
of urine into the ureters (and mucus) from the ileal conduit. 
This urinary diversion procedure is the urinary diversion of 
choice in older frail patients, and those who may not be able to 
handle the daily care required for continent diversions. 


Fluoroscopic evaluation 


Evaluation of the ileal conduit may also be referred to as a 
loopogram. The procedure may be requested in the early 


Fig. 10.30 Normal ileal conduit study. A. 
Balloon is distended with contrast and positioned 
in the conduit. B. There is symmetrical reflux into 
the ureters bilaterally. The narrowing in the distal 
portion of the conduit was related to peristalsis and 
resolved on subsequent images (not shown). 


postoperative period if leak from the conduit or from the 
ureteral anastomosis is clinically suspected, due to high output 
from surgical drains or elevation in serum creatinine. 


Technique 


The urinary collection appliance is removed and the urostomy 
stoma is cleansed and draped in standard sterile fashion. 
A 12-14 French Foley catheter is advanced through the cuta- 
neous stoma, until the balloon of the Foley catheter is a few 
centimeters proximal to the stoma (Fig. 10.30). The balloon is 
distended with 3-5 ml of contrast (since fluid is less compres- 
sible than air, the balloon is more likely to remain in position 
within the conduit and not be extruded during the study); the 
catheter is tugged gently to ensure that it is securely positioned 
in the conduit. Undiluted contrast is injected under fluoro- 
scopic observation; 50-150 ml of contrast may be required to 
assess the conduit and both collecting systems. The balloon on 
the Foley catheter should be sufficiently distended with con- 
trast and snugged against the skin to prevent leakage of con- 
trast around the catheter. In a well-functioning ileal conduit 
urinary diversion, there should be prompt flow through the 
ureteral anastomoses into the ureters and the collecting 
systems. Images of the bilateral collecting systems are obtained 
to display the pyelocalyceal systems, ureters, and ureteroileal 
anastomosis without overlap with adjacent structures. The ileal 
conduit should have active peristalsis and no focal or segmen- 
tal narrowing. If there is constriction of a segment of the 
conduit due to peristalsis, repeat images should be performed 
to confirm that an area of narrowing is related to peristalsis 
and not to a stricture (see Fig. 10.30). 


Abnormalities 


In the early postoperative period, extravasation may be seen 
from the conduit at the suture lines or at the ureteral anasto- 
motic sites (Fig. 10.31). 

In older conduits, strictures may occur at the ureteral 
anastomotic sites. If there is no reflux into the ureters, the most 
likely cause is a fibrotic stricture at the anastomosis (Fig. 10.32). 
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Strictures may also occur in the conduit, usually due to chronic 
ischemia. Stones may form proximal to a conduit stricture site. 
The cutaneous urostomy may also stricture. Conduit strictures 
generally require surgical correction. Ureteral anastomotic 
strictures can be managed with drainage catheters that are 
changed on a periodic basis (see Fig. 10.32). 

Recurrence may be seen in the pyelocalyceal systems or 
ureters, and generally present as filling defects or irregular 
segmental narrowing (Fig. 10.33). Anastomotic strictures are 
usually related to fibrotic strictures, rather than to urothelial 
tumor recurrence. 


Fig. 10.31 Extravasation from the ileal conduit (short white arrows). 
Note surgical drain (black arrow) which had high output, prompting the study. 
There is reflux into both distal ureters (long wwhite arrows), the expected 
finding with this form of urinary diversion. 


Continent diversions 


There are two main varieties of continent diversion, both of 
which do not require a urine collection device. 


Orthotopic urinary diversions 

This diversion is the procedure of choice for most patients, as 
the urine reservoir is connected to the urethra. The most 
common technique was described by Studer * and is known 
as the Studer pouch.” A 50cm long segment of ileum is 
detubularized and fashioned into a urinary pouch after 


Fig. 10.33 Recurrence of urothelial cancer in distal left ureteral stump. 
Patient had left nephrectomy for renal cell cancer. There is a filling defect in the left 
ureteral stump (arrow), which represented recurrence of urothelial cancer. The 
ureteral anastomoses are widely patent bilaterally. Strictures at the ureteral ileal 
anastomosis are most often related to postoperative fibrosis, rather than tumor 
recurrence. 


Fig. 10.32 Strictured left ureteral ileal 
anastomosis. A. Ileal conduit study shows good 
opacification of the right collecting system and 
ureter and a normal conduit, but no filling of the 
left ureter due to a stricture at the left ureteral ileal 
anastomosis. Patient had an ultrasound which 
confirmed left hydronephrosis. B. He underwent 
balloon dilation of the stricture and is now 
managed with a transconduit drain, which is 
changed every 3 months. 
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Fig. 10.34 Normal Studer pouchogram. A. Early images show the ileal mucosal pattern in the pouch. B. The afferent limb is opacified after the pouch is 
distended more with contrast. The right and the left ureters are marked by ureteral stents (arrows); it is common practice to place ureteral stents with urinary 
diversions and ureteral anastomoses to bowel segments. The stents are removed a few weeks after surgery. C. Patient voids with abdominal straining. The 
pouch-urethral anastomosis has a satisfactory appearance with no extravasation. Foley balloon is seen within the contrast-filled pouch. 


Fig. 10.35 There is a 
small amount of 
extravasation at the 
anterior and posterior 
aspect of the pouch- 
urethral anastomosis 
(arrows). Foley catheter 
was left in place for 2 
more weeks, until a 
repeat study showed 
resolution of the 
extravasation (not 
shown). 


cystectomy, lymphadenectomy, and urethral preparation is 
completed. Next, an ileal segment approximately 50cm long 
is selected, from which an intestinal reservoir is created by 
completing the following steps. A small opening is created in 
the distal part of the pouch, which is then anastomosed to the 
native urethra. An isoperistaltic afferent limb is created from a 
10cm segment of proximal ileum and the ureters are anasto- 
mosed to the afferent limb. Bowel continuity is restored by 
performing a side-to-side or end-to-end ileal anastomosis 
(Fig. 10.34). The patient empties the pouch by increasing abdom- 
inal pressure and relaxing the pelvic floor musculature. If there is 
a large amount of mucus production, catheterization and irriga- 
tion of the pouch may be required; the patients are taught the 
techniques of pouch catheterization and pouch care, so that they 
can be actively involved in maintaining optimal pouch function. 


Technique 


Evaluation of the Studer pouch may be performed a few 
weeks after the surgery to confirm that there is no extravasation 


Fig. 10.36 Normal 
Indiana pouch. There is 
reflux into the left ureter 
and collecting system. 
The pouch is constructed 
from detubularized 
cecum and ascending 
colon. However, lack of 
reflux into the ureters has 
no significance in a 
continent diversion, 
unlike an ileal conduit 
diversion where absence 
of reflux is highly 
suggestive of an 
anastomotic stricture. 


from the pouch. Contrast infusion is limited to 200ml, in 
order to avoid stressing the new anastomotic suture lines. 
Mucosal folds of the ileum will be quite prominent in the 
conduit. 

Extravasation may occur from the suture lines in the reser- 
voir, at the ureteral pouch anastomosis, or at the urethral 
pouch anastomosis (Fig. 10.35). Reflux is usually seen into 
the ureters if the Studer pouch is filled to its capacity. Lack 
of ureteral reflux may indicate an anastomotic stricture. Anas- 
tomotic strictures can be dilated and stented, but long-term 
results of ballon dilation tend to be disappointing in this group 
of patients. 


Continent cutaneous diversions 


Continent cutaneous diversion is not frequently performed. It 
is reserved for patients who do not want an ileal conduit but 
cannot have an orthotopic diversion due to disease at the 
bladder neck or urethra, or because of pre-existing urethral 
abnormality. Several techniques are used to create a continent 
diversion. At our institution, the Indiana pouch is the cutane- 
ous diversion of choice.** (Figs. 10.36 and 10.37) The cecum 
and ascending colon are detubularized and formed into a 
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Fig. 10.37 Leak from 
an Indiana pouch. 
Pouchogram at 3 weeks 
after surgery 
demonstrates a large 
extravasation at the 
inferior aspect of the 
anastomosis which was 
drained percutaneously 
(long arrow). There is a 
drainage catheter within 
the pouch to promote its 
healing (short arrows). 


pouch. A segment of the terminal ileum is isolated from the 
remainder of the ileum, and brought to the skin surface as the 
catheterizing stoma. Bowel continuity is restored in standard 
surgical fashion. The ureters are anastomosed to the pouch in 


the region of the cecum. The pouch is emptied by catheterizing 
the cutaneous stoma. Periodic irrigation and drainage of the 
pouch is essential, as there is significant mucus production 
from the pouch. With current techniques, no attempts are 
made to make the ureteral anastomoses to the pouch non- 
refluxing. Nevertheless, reflux into the ureters on a pouch- 
ogram is unpredictable (see Fig. 10.36) and lack of reflux does 
not imply that there is a stricture at the pouch-ureteral 
anastomosis. 

Evaluation of the pouch may be performed in the post- 
operative period if there is clinical suspicion of a leak. There 
are no other indications for a pouchogram (see Fig. 10.37). 

Findings: the haustral folds of the colon will be identified 
on a pouchogram. In the early postoperative period, contrast 
injection should be limited to 200 ml or less, so that the staple 
lines are not stressed. The mucus in the pouch may be seen as 
filling defects in the contrast. Evaluation of the collecting 
systems and ureters generally requires either a CT urogram 
or an intravenous urogram. 
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Retrograde pyelography is also referred to as retrograde pye- 
loureterography. In this study, the collecting system is evalu- 
ated by directly injecting radiographic contrast through 
catheters, rather than utilizing the excretory phase of contrast 
excretion after intravenous injection, as with a CT urogram 
(CTU) or intravenous urogram (IVU). 


Indications 


Evaluation of the urothelium of the pyelocalyceal systems and 
ureters is essential in patients with a history of hematuria (gross 
or microscopic), and in patients with a history of urothelial 
cancer. The primary indication for retrograde pyelography is to 
evaluate the urothelium in patients who cannot receive intra- 
venous radiographic contrast, due to renal insufficiency or a 
history of adverse reaction to contrast. The procedure is also 
performed to better evaluate the pyelocalyceal systems or 
ureters in patients in whom a previous CTU or IVU may have 
shown an abnormality suspicious for a urothelial tumor, or in 
whom the collecting systems are incompletely evaluated by a 
CTU or IVU. An additional indication is evaluation of the 
residual ureteral stump in a patient who has undergone a simple 
nephrectomy for benign disease, or radical nephrectomy for 
renal cell carcinoma; no ureteral stump is left behind in patients 
with urothelial carcinoma of the upper urinary tract, where the 
kidney and the entire ureter are removed along with a cuff of the 
urinary bladder at the ureteral insertion site. 


Technique 


There are two primary techniques used to perform a retrograde 
study of the collecting system, both of which require cystoscopy, 
usually performed by a urologist. Contrast can be injected either 
through a catheter placed in the renal pelvis or proximal ureters 
(also known as a catheter retrograde pyeloureterogram), or 
through a catheter positioned at the ureteral orifice (also known 
as an occlusive-tip or bulb retrograde ureterogram). Although 
there are reports of primary ureteral catheterization by radiolo- 
gists using fluoroscopic guidance alone, or by cystoscopy per- 
formed by radiologists,’ catheterization of the ureteral orifices 
through the urethra is most often performed by urologists with 
cystoscopic guidance. 

An occlusive-tip or bulb retrograde ureterogram is per- 
formed to evaluate the ureter alone, usually when a previous 


Retrograde pyelography 


Fig. 11.1 Left bulb retrograde ureterogram in a 45-year-old woman 
with a history of bladder cancer. The left ureter and pyelocalyceal system 

is well visualized and normal. However, small urothelial lesions in the 
pyelocalyceal system may not be detectable on a single projection, which is the 
reason a catheter retrograde pyelogram (see Fig. 11.3) is the preferable method 
to evaluate the pyelocalyceal system. A previous CTU had demonstrated the 
right collecting system and ureter to be normal but the left ureter was 
incompletely visualized (not shown). There is a cystoscope in the bladder 
(thick arrow), and a catheter with an olive-shaped tip at the left ureteral 
orifice (arrow) which was used to inject the contrast. Note the externally rotated 
hips due to the lithotomy position necessary for cystoscopy. 


IVU or CTU have assessed the pyelocalyceal systems suffi- 
ciently well (Fig. 11.1). The study allows more optimal assess- 
ment of a possible ureteral mass or ureteral abnormality seen 
on radiographic studies, such as an IVU or CTU, and to better 
evaluate non-visualized segments of the ureters. It is also the 
only method by which the urothelium of a ureteral stump can 
be evaluated (Fig. 11.2). The procedure is performed in the 
operating room. A cone- or olive-shaped catheter is wedged 
into the ureteral orifice under cystoscopic guidance and 3-5 ml 
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of radiographic contrast is injected to opacify the ureter (see 
Fig. 11.1) as static radiographs are obtained, usually in just 
the supine position; since the patient is in a lithotomy position 
for cystoscopy, obtaining multiple views of the ureter and 
collecting system can be awkward and difficult (see Fig. 11.1). 

Evaluation of the pyelocalyceal systems requires multiple 
views for complete and optimal visualization, and is best 
performed with a catheter passed into the renal collecting 
system (Fig. 11.3). Images are obtained with real time fluoro- 
scopic guidance. Retrograde catheter placement usually 
requires general or spinal anesthesia, particularly in male 
patients,’ and is done with cystoscopic guidance. A Foley 
catheter is placed after the cystoscopy, and the retrograde 


Fig. 11.2 Bulb retro- 
grade ureterogram in 
patient with previous 
right nephrectomy for 
renal cell carcinoma 
and hematuria. Note 
the clips in the right 
abdomen from the pre- 
vious surgery (arrow). 
The ureteral stump is 
opacified to the level of 
the clips which mark its 
proximal end, indicating 
that it is opacified in its 
entirety and appears 
normal. 


ureteral catheter is firmly taped to the Foley catheter to prevent 
inadvertent displacement. The patient is then transported to a 
fluoroscopy suite for the study. At our institution, the study is 
done in the radiology department. 


Catheter retrograde pyelogram 
Patient preparation 


Since the retrograde catheter placement requires anesthesia or 
conscious sedation at the very minimum, the patients are 
advised to fast overnight. No other special preparation is 
required. In patients with a history of serious adverse reaction 
to radiographic contrast agents, a standard steroid prep is 
prudent. Minor contrast reactions generally require no steroid 
preparation. 

Most patients tolerate the study without discomfort. If 
bladder biopsies have been performed in conjunction with 
the catheter placement (since the patients are often being 
followed for urothelial carcinoma, any suspicious areas in 
the bladder seen at cystoscopy are biopsied at the same 
time), patients may be uncomfortable, particularly so with 
movement of the catheter as it is withdrawn through the 
urethra. Viscous lidocaine jelly applied to the urethral 
meatus may be helpful, but patients may require intravenous 
or intramuscular pain medications to successfully complete 
the procedure. 


Fluoroscopic technique 


Preliminary scout radiograph is obtained to confirm that 
there is no residual oral contrast in the bowel from previous 
radiographic examinations, which may result in an inad- 
equate study due to obscuration of the renal collecting 
systems and the ureters (Fig. 11.4). The position of the 
retrograde catheter at the start of the study is also assessed 
(see Figs. 11.3-11.5). The retrograde catheter is untaped 
from the Foley catheter to allow its gradual withdrawal 
through the study. A small amount, 1-2 ml, of contrast is 
injected under fluoroscopic observation, to confirm the 


Fig. 11.3A-B Scout radiographs for catheter 
retrograde pyeloureterogram. The bilateral 
retrograde catheters enter through the urethra, 
and the proximal tips of the catheters are in the 
region of the collecting systems. 
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position of the catheter tip. If it is too far peripheral in a 
calyx, the catheter tip is withdrawn into the renal pelvis (see 
Fig. 11.5). Any residual urine in the collecting system is 
then drained, to prevent overdistention and extraluminal 


Fig. 11.4 Scout radio- 
graph prior to retro- 
grade pyelogram ina 
50-year-old 

man with a right renal 
transplant, mild renal 
insufficiency, and 
hematuria. There is a 
large amount of barium in 
the abdomen from a pre- 
vious CT scan which will 
make the study challen- 
ging. There are catheters 
in the collecting systems 
of the native kidneys, as 
well in a right lower 
quadrant renal transplant 
(arrow). 


backflow when contrast is injected (see Fig. 11.5C). When 
the collecting system is overdistended contrast can flow into 
the collecting ducts in a retrograde fashion (pyelotubular or 
intrarenal backflow), or tears can occur in the mucosa of the 
calyceal fornices which are the weakest part of the collecting 
system, with accumulation of contrast in the renal sinus 
(pyelosinus backflow), or flow through the lymphatics or 
veins (pyelolymphatic and pyelovenous backflow) (see Fig. 
11.5). If the catheter is positioned in the proximal or mid 
lumbar ureter, the collecting system can often be success- 
fully opacified from the ureter, but advancement of the 
catheter with sterile technique over a guide wire, into the 
renal pelvis, may be necessary if opacification of the renal 
collecting system proves difficult due to active ureteral 
peristalsis. 

An early image should be obtained before completely 
distending and opacifying the collecting system, as small 
mucosal lesions may be obscured by the density of contrast 
when the collecting system is well filled. As the lower pole 
of the kidney is positioned much more anteriorly than 
the upper pole, the patient should be turned into an ipsilat- 
eral lateral position at the start of the study to facilitate 
opacification of the entire lower pole collecting system. 


Fig. 11.5A-D Backflow during retrograde pyelograms. 
Patients may experience flank pain if this occurs. A. Scout 
image demonstrates the abnormal course of the left ureter due 
to crossed fused ectopia. B. The tip of the left retrograde 
catheter is within the left upper pole calyx (long black arrow) 
and contrast injection in this location causes overdistention 
and pyelotubular backflow (short white arrows) into the 
collecting ducts. Catheters should be withdrawn into the 
renalpelvis before the injection of contrast. C. The left renal 
pelvis is faintly opacified due to the presence of undrained 
urine which causes dilution of the injected contrast. There is 
also overdistention with pyelolymphatic (short white arrows) 
and pyelovenous (long black arrow) backflow. Lymphatics are 
typically tortuous in appearance. D. Pyelosinus backflow with 
accumulation of contrast (arrow) around the upper pole 
calyx.When large, the collecting system can be obscured by the 
contrast in the renal sinus, and difficult to evaluate. Note that 
the right collecting system was examined first and has already 
drained of contrast. 
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Multiple obliquities are obtained so that calices and infun- 
dibulae are visualized without overlap. Optimal evaluation 
of the pyelocalyceal systems requires 4-6 different pos- 
itions (ipsilateral lateral, ipsilateral steep oblique, ipsilateral 
shallow oblique, frontal and contralateral oblique). Com- 
pression over the kidney is helpful in “seeing” through the 
contrast. 

Once the collecting system has been evaluated, the retro- 
grade catheter is withdrawn, 3-5 cm at a time, and contrast is 
injected to examine the ureteral segment immediately prox- 
imal to the catheter tip. The ureter is examined in two planes - 
frontal and a shallow ipsilateral oblique. To examine the distal 
pelvic and juxtavesical ureter, a steep contralateral oblique is 
necessary to demonstrate the ureter without overlap with the 
contrast-filled urinary bladder. If a bilateral study is being 
performed, the procedure is repeated for the other side. 

After catheter withdrawal, an abdominal film is obtained to 
see if the collecting systems have drained of contrast. If there is 
edema at the ureterovesical junction due to catheter placement, 
contrast drainage may be impaired and a full column of contrast 
may remain within the collecting system and ureter (Fig. 11.6). 
This can sometimes result in symptoms of renal colic a few 
hours after the procedure. Therefore, if the collecting systems 
are seen to be draining poorly on the post procedure image, the 
patients are alerted to call their urologists if they develop 
abdominal or flank pain after discharge from the hospital. 

If an abnormality suspicious for a urothelial malignancy is 
seen, a fluoroscopically directed brush biopsy utilizing the 
ureteral catheter can be performed. The technical details of 
this are beyond the scope of this chapter but are well discussed 
in these references.*° 


Urothelial neoplasms 


Urothelial carcinoma occurs most commonly in the urinary 
bladder and cystoscopy is the mainstay for its diagnosis. 
Although bladder lesions may be seen on imaging studies 
such as CT or CTU, many bladder tumors will not be 
detected on CTU, and the role of imaging in the primary 
diagnosis of bladder cancer remains in evolution.° Fluoro- 
scopic studies have no role in the diagnosis of bladder 
tumors. In contrast, imaging studies are the primary method 
for detecting urothelial neoplasms of the upper urinary col- 
lecting system, which occur in 3.9-4.8% of patients with 
prior or concurrent urothelial tumors of the urinary bladder. 
The incidence of upper tract tumors in the absence of a 
history of urothelial neoplasms is low, reportedly occurring 
in 1-2 cases per 100 000 people each year. ’ Intravenous 
urography (IVU) has been largely supplanted by CTU for 
the evaluation of the upper urinary tracts in both newly 
diagnosed patients as well as for those undergoing surveil- 
lance for a history of urothelial cancer. Most bladder cancers 
are transitional cell carcinomas.°* 

As mentioned earlier, retrograde pyelography is performed 
to evaluate the upper collecting systems further only in 


Fig. 11.6 Post procedure radiograph. There is a full column of contrast in 
the right collecting system and ureter, indicating impaired drainage at the 
right ureterovesical junction. Note complete drainage of the left 

collecting system, the expected finding. Patients with impaired drainage may 
rarely get flank pain a few hours after the study. Both the patient's physician 
and the patient should be made aware of this possible scenario. 


patients in whom a CTU or IVU cannot be performed, or in 
whom these studies show an abnormality that is suspicious for 
a urothelial neoplasm, or in patients in whom the entire upper 
tract is not completely depicted. In radiology departments 
where this procedure is not offered, patients undergo upper 
tract ureteroscopy for further evaluation. 

Urothelial carcinomas are identified by two primary pat- 
terns on retrograde pyelograms: intraluminal filling defects 
or luminal narrowing (Figs. 11.7 and 11.8). Tumors are seen 
as immobile and irregular filling defects attached to the wall 
of the collecting system (see Fig. 11.7). There may be obstruc- 
tion of portions of the collecting system with large tumors. 
Papillary projections and stippled calcification may be seen 
on the surface of the tumor; the calcification is easier to see 
on CTU. If a filling defect is mobile or transient, it likely 
represents an air bubble or a blood clot - it is important in 
such cases to document on images that the filling defect is not 
persistent or fixed to the wall of the collecting system (Fig. 
11.9). Images of the collecting system are necessary in mul- 
tiple obliquities for optimal evaluation, as abnormalities may 
not be clearly visible in all views (see Fig. 11.8). Calculi may 
also present as filling defects in the collecting system; they 
tend to be better defined and more smoothly marginated than 
tumors and their identification is simple if the stones are 
visible on the preliminary images before contrast injection. 
Non-opaque stones may cause some confusion, and may require 
correlation with a CT or renal ultrasound to confirm whether a 
filling defect represents a stone or not. Dilation of the ureter 
distal to a filling defect is suggestive of a urothelial neoplasm, and 
is due to antegrade propulsion of a low-grade ureteral tumor by 
ureteral peristalsis, which causes passive dilation of the ureter 
distal to a ureteral tumor. This is referred to as a champagne 
goblet sign (Fig. 11.10),” and is helpful in distinguishing a filling 
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defect related to a calculus from that caused by a neoplasm. The 
ureteral segment distal to a calculus is often narrowed due to 
spasm and edema caused by the impacted calculus. 

A second appearance of urothelial neoplasms is narrowing 
of the lumen (see Fig. 11.8). Irregular narrowing is highly 
suggestive of tumor, while smooth narrowing, particularly in 
the ureter, may be due to inflammatory causes.’ Lesions that 
infiltrate the renal parenchyma are best evaluated on cross 
sectional imaging studies such as CT or MRI. 


Fig. 11.7 Urothelial carcinoma of the left collecting system. Left retro- 
grade pyelogram demonstrates an irregular filling defect that involves the 
entire collecting system and causes obstruction of the upper pole collecting 
system. The lesion was originally diagnosed on a CTU. Brush biopsy was 
performed through the retrograde catheter. In institutions where 

retrograde pyelography is not done, the patient would likely undergo 
endoscopy as an alternative, which is more invasive and more expensive 
than a retrograde pyelogram and fluoroscopically directed brush biopsy. 


Other malignant epithelial neoplasms of the renal 
pelvis and ureter such as squamous cell carcinoma and 
adenocarcinoma are rare, and associated with a staghorn 
calculus in 40-80% of patients. The tumors are usually 
diagnosed at an advanced stage on cross sectional imaging 
studies such as CT and MRI, with invasion of the underlying 
parenchyma and perinephric and periureteral space.’ Retro- 
grade pyelography has no specific role in the diagnosis of 
these lesions. 

Mesodermal tumors can originate from smooth muscle, 
neural, vascular, or fibrous components of the collecting 
system, and their appearance is indistinguishable from epithe- 
lial neoplasms. Benign fibroepithelial polyps are the most 
common benign tumor in the upper tract, occurring primarily 
in the ureteropelvic junction or proximal ureter. If finger-like 
mobile projections are seen on the surface of the lesion, the 
diagnosis can be suspected radiologically (Fig. 11.11), and 
confirmed by ureteroscopically directed biopsy. 


Inflammatory conditions 


Retrograde pyelography is not indicated in the evaluation of 
inflammatory or infectious conditions of the collecting system, 
but imaging abnormalities may indicate an underlying inflam- 
matory process. 

Pyeloureteritis cystica is a condition believed to be related to 
chronic infection,'° but may also be seen in patients with chronic 
nephrostomy catheters or ureteral stents, and in patients with 
long-standing stones. Multiple, smooth, well-defined filling 
defects are a characteristic appearance (Fig. 11.12), due to the 
development of subepithelial cysts from Brunn’s cells, in 
response to the infection and inflammation. The cysts are usually 
persistent, and may increase in size over time. The smooth 
appearance and the multiplicity of the filling defects usually 


Fig. 11.8A-B Urothelial cancer presenting as 
luminal narrowing. There is a short segment of 
smooth narrowing in the upper pole infundibulum, 
which was biopsy proven to be urothelial cancer. B. 
In a different projection on the same study, the 
lesion is obscured. This case highlights the 
importance of obtaining multiple views when 
evaluating the collecting system and also the 
reason why a single projection intraoperative 
retrograde pyelogram is not an adequate 
evaluation of the collecting system, even though it 
usually suffices for ureteral evaluation. 
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Fig. 11.10 Retrograde ureterogram in the operating room demonstrates 

an obstructing filling defect in the left distal pelvic ureter. There is a suggestion 
of papillary projections on the surface of the lesion. The ureter distal to the 
filling defect is dilated, a finding seen with neoplasms and not with obstructing 
calculi, where the ureter distal to the stone is narrowed due to edema. 


suggest the diagnosis, but in a patient with positive urine cytology 
and suspected upper tract urothelial neoplasm, ureteroscopy may 
be required to exclude a focal urothelial tumor. 

Ureteral pseudodiverticulosis is seen most commonly 
in the distal lumbar ureter, although any part of the ureter 
can be affected. Pouch-like invaginations of the lumen occur 
into the wall of the ureter with associated proliferation of the 
epithelium (Fig. 11.13). Since the “diverticular”-like outpouch- 
ings do not contain all the layers of the ureteral wall, they are 
referred to as “pseudodiverticula.” The abnormality is best 
seen on retrograde pyelograms, likely due to the pressure of 
injection directly into the collecting system." 


Fig. 11.9A-B Air bubbles on a retrograde 
pyelogram. A. Multiple round filling defects are 
seen in the proximal lumbar ureter (long arrow), all 
of which have moved on the next image to the 
lumbosacral ureter (short arrow, B). Although the 
round lucent filling defects are characteristic of air 
bubbles, a focus of urothelial tumor would be 
difficult to identify in the presence of numerous air 
bubbles and it is essential to obtain images to 
confirm that there are no fixed filling defects. 


Fig. 11.11 Fibroe- 
pithelial polyp. Frond- 
like projections are seen 
in a filling defect in the 
lumbar ureter, typical for 
a benign fibroepithelial 
polyp. The lesion will be 
seen to be mobile at 
fluoroscopy, and may 
prolapse into the prox- 
imal ureter or uretero- 
pelvic junction and cause 
intermittent flank pain. 


The etiology is not entirely clear, but there is a strong 
association between ureteral pseudodiverticulosis and carcin- 
oma of the bladder, which has been reported in as many as 40- 
50% of patients.'? This has led to the recommendation that 
patients with ureteral pseudodiverticulosis be kept under 
surveillance for the development of bladder cancer. In the 
affected segment, the ureteral lumen may appear irregular, 
but pseudodiverticulosis should not produce obstruction; 
luminal irregularity associated with pseudodiverticulosis and 
obstruction is worrisome for a concurrent urothelial neo- 
plasm, which should be excluded (Fig. 11.13). 
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Besides urothelial neoplasms and pyeloureteritis cystica, 
filling defects in the collecting system and ureter may be seen in 
rare conditions such as malkoplakia, leukoplakia, amyloidosis, 
and squamous metaplasia. The specific diagnosis of these rare 
conditions requires ureteroscopic guided biopsy. Ureteral stric- 
tures may occur in granulomatous conditions such as tubercu- 
losis and schistosomiasis; the ancilliary radiologic findings of 
renal parenchymal disease in TB and mural calcification in the 
bladder in schistosomiasis can help to suggest the diagnosis. 


Fig. 11.12 Ureteritis 
cystica. The filling defects, 
representing subepithe- 
lial cysts, arise from the 
ureteral wall, have a 
smooth surface, and can 
be variable in size. 


Inflammatory conditions in the retroperitoneum, such as 
retroperitoneal fibrosis, cause smooth extrinsic narrowing of 
the ureter, usually at the L2-L4 level. Although the diagnosis 
may be suggested on a retrograde pyelogram, correlation with 
CT or MRI is required to confirm the diagnosis. 


Congenital anomalies 


Duplication abnormalities are the most common abnormality in 
the collecting systems, and are usually diagnosed on IVU, CTU 
or CT, or MRI. If complete duplication is not recognized at 
cystoscopy, a catheter may be placed in only one of the moieties. 
This may be difficult to recognize unless there is an old imaging 
study for comparison, which depicts the anatomy (Fig. 11.14). 
An aborted partial duplication may result in a tubular outpouch- 
ing from the ureter, also referred to as a ureteral bud (Fig. 11.15). 

Ureteropelvic junction (UPJ) anomalies can result in 
obstruction. Although usually diagnosed in children, adults 
may present with an undiagnosed UPJ obstruction. If the 
obstruction is severe with resultant obstruction and impaired 
contrast excretion, the anatomy will be difficult to demonstrate 
on a CTU or IVU, and a retrograde pyeloureterogram may be 
required. In such patients, it is important to demonstrate 
whether the UPJ is dependent in position relative to the renal 
pelvis, and evaluate for kinks that may suggest the presence of 
a crossing vessel that may be causing the obstruction. These 
observations are crucial in determining the management of the 
UP] anomaly; a high riding UPJ may be treated with a surgical 
pyeloplasty while a dependent UPJ may be initially treated with 
endoscopic incision or balloon dilation (Fig. 11.16). If there is 
suspicion of a crossing vessel in association with the UPJ 


Fig. 11.13 Ureteral pseudodiverticulosis. There 
are small outpouchings from the mid lumbar ureter 
(A) and the pelvic ureter (B). The affected ureteral 
segments are very slightly narrowed and irregular 
in appearance, but there is no obstruction. If 
obstruction is seen in association with ureteral 
pseudodiverticulosis, urothelial neoplasm in the 
segment should be excluded. 
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Fig. 11.15 Right ureteral bud (dots) 
which terminates in the distal 
lumbar region. This represents 
aborted partial duplication. The normal 
right ureter is marked by arrows and 
had a normal connection to the right 
collecting system (not shown). 


Fig. 11.14A-B Partial duplication of the right 
collecting system. The two ureters become 
conjoint in the pelvis. If the catheter was in the 
lower pole system and the upper pole system was 
not opacified by pulling back on the catheter, it 
may be easy to overlook that the entire collecting 
system has not been examined. 


Fig. 11.16 High riding 
congenital ureteropel- 
vic junction obstruc- 
tion (arrow). This 
anatomy is less likely to 
be adequately managed 
with an endopyelotom 
than a narrowed UPJ 
which is dependent in 
position. Patient under- 
went pyeloplasty. There 
is a nephrotomy catheter 
in place which was 
placed for severe flank 
pain and urinary tract 
infection. 
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Fig. 11.18 Ureteral 
angulation (arrow) due to 
previous open surgical 
removal of a ureteral cal- 
culus (ureterolithotomy). 
There is also pseudo- 
diverticulosis of the distal 
lumbar ureter. 


obstruction, confirmation of the renal vascular anatomy is 
obtained with CT or MR angiography. 

Ectopia of the kidneys or fusion anomalies of the 
kidneys, such as a horseshoe kidney, will cause correspond- 
ing alterations in the course and length of the ureter (see Fig. 11.5). 

Pyelocalyceal diverticula are congenital outpouchings that 
arise most commonly from the fornices of upper pole calyces, 
although they can occur anywhere in the pyelocalyceal system. 
They are lined with transitional epithelium, and connect with 
the subjacent calyx through a neck. They are usually incidental 


Fig. 11.17 Calyceal diverticulum with stones. 
A. Preliminary image shows multiple calculi in a left 
upper pole calyceal diverticulum. B. Retrograde 
pyelogram demonstrates opacification of the 
diverticulum, which arises from an upper pole calyx 
(arrow). The calculi are obscured by the contrast. 


Fig. 11.19 Ureteral 
deviation due to ureter- 
olysis and intraperiton- 
ealization of the ureters 
for retroperitoneal fibro- 
sis. This symmetric lateral 
deviation of the distal 
lumbar and sacral ureters 
is a very characteristic 
appearance. 


findings but may be complicated by stone formation if the 
neck is narrow, and causes obstruction to free flow of urine 
(Fig. 11.17). If the neck becomes occluded, secondary infection 
may result in a renal abscess; the latter is diagnosed on cross 
sectional imaging studies. 


Postoperative appearance 


Patients who have undergone open surgical removal of ureteral 
calculi (ureterolithotomy) may demonstrate a characteristic 
focal lateral kink in the ureter, due to scar extending from 
the ureter to the abdominal wall (Fig. 11.18). 
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Section 2: GU Tract 


Following surgery for retroperitoneal fibrosis which is 
causing ureteral obstruction and is treated with surgical 
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achalasia, 40-2 
cricopharyngeal, 10 
primary, 40 
secondary, 40 

adenocarcinoma 
colonic, 178-9 
esophageal, 54, 56 
small intestine, 135 
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colonic, 177-8 
malignant potential, 177 
small intestine, 133 
adhesions, small intestine, 
151 
adult hypertrophic pyloric 
stenosis, 93 
air contrast enteroclysis, 
122-3 

alkaline reflux esophagitis, 52 

amebiasis, 177 

anal cushion prolapse, 188 

anal sphincter abnormality, 

188 
anastomoses, small intestinal, 
151-2 

anismus, 188 

antral gastritis, 77-8 

antral webs and diaphragms, 93 

areae gastricae pattern, 34 

atrophic gastritis, 80-1 
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backwash ileitis, 171 
bald stomach, 81 
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157-62 
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single contrast study, 157, 
162-4 
timing of examination, 156 
tip balloon use, 158 
tip insertion, 157-8 
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double contrast technique, 24 
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upper gastrointestinal tract, 
29-30 
pharynx, 5-8 
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tract, 30-1 
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B-cell lymphoma, 136 
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bladder. See urinary bladder 
Boerhaave’s syndrome, 62 
Brunner’s gland hyperplasia, 111 
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carcinoid syndrome, 135 
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adenocarcinoma 
duodenal, 112 
esophageal, 54-7 
gastric, 84-7 
pharyngeal, 13-14 
spindle cell, 57 
urothelial, 214-15 
cardiac rosette, 35 
caustic ingestion 
esophagitis, 51-2 
gastric injury, 82 
celiac disease, 143-4 
cholecystoduodenal fistula, 115 
closed-loop obstruction, 150 
cloverleaf duodenum, 108 
cobblestoning, 141, 174 


colectomy, total, 152-3 
colon. See also inflammatory 
bowel disease 
diverticular disease, 169-71 
diverticulitis, 170-1 
diverticulosis, 169-70 
examination. See also barium 
enema 
choice of, 157 
colostomy enema, 165-6 
evacuation proctography, 
166-7 
preliminary radiograph, 156 
timing, 156 
water soluble contrast 
enema, 164-5 
ischemia, 185-6 
postoperative, 189 
radiation colitis, 186 
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tumors, 177-84 
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adenoma, 177-8 
carcinoid tumor, 181 
hemangioma, 180-1 
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metastases, 182-3 
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colostomy enema, 165-6 
colovesical fistula, 200-1 
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gastric manifestations, 81 
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cystography, 191-4 
bladder trauma, 198 
cysts 
duplication, 111 
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cytomegalovirus (CMV) 
esophagitis, 48-9 


defecography findings, 187-8 
diffuse esophageal spasm (DES), 41 


digital fluoroscopy, 26 
diverticula, 169-70 
bladder, 203-4 
duodenal, 113-14 
intraluminal diverticulum, 
114 
pseudodiverticula, 114 
true diverticula, 113-14 
esophageal, 57-60 
intramural 
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58-60 
pulsion diverticula, 59 
traction diverticula, 59 
gastric, 93 
pharyngeal, 10-13 
Killian—-Jamieson 
diverticula, 11 
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Zenker’s diverticulum, 
10-11 
pyelocalyceal, 219 
small intestine, 148-9 
jejunoileal diverticulosis, 
149 
Meckel’s diverticulum, 
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urethral, 205 
diverticulitis, 170-1 
diverticulosis, 169-70 
double contrast study, 24 
barium enema, 157-62 
colostomy enema, 165-6 
esophagography, 26-9, 
31-3 
upper gastrointestinal tract, 
29-30 
doxycycline-induced esophagitis, 
50-1 
drug-induced esophagitis, 
50-1 
duodenal ulcers, 105-8 
healing and scarring, 108 
location, 105 
morphologic features, 105-8 
bulbar ulcers, 105 
giant ulcers, 107 
postbulbar ulcers, 105-7 
size and shape, 105 
duodenal windsock, 114 
duodenitis, 109-10 
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duodenum. See also duodenal 
ulcers; upper 
gastrointestinal tract 
anatomy, 35-7 
benign tumors, 110-11 
polyps, 110 
submucosal masses, 111 
villous tumors, 111 
diverticula, 113-14 
intraluminal diverticulum, 
114 
pseudodiverticula, 114 
true diverticula, 113-14 
duodenitis, 109-10 
examination, 33 
fistulas, 115 
malignant tumors, 111-13 
carcinoma, 112 
perforation, 115 
superior mesenteric root 
syndrome, 114-15 
varices, 113 
webs, 114 
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dysplasia 
colonic, 177. See also adenoma 
in ulcerative colitis, 173 


ectopic gastric mucosa, 64 
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problems, 31-3 
endometriosis, 187 
enterocele, 188-9 
enteroclysis, 118-25 
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types of, 121-4 
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122-3 
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123-4 
single contrast enteroclysis, 
121 
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125 
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enteroenterostomy, 151-2 
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49-50 
eosinophilic gastritis, 81 
epiglottis, 2 
abnormal epiglottic tilt, 9-10 
swallowing and, 4 
erosions 
duodenal, 109 
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esophageal papillomatosis, 53 
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caustic, 51-2 
drug-induced, 50-1 
eosinophilic (EoE), 49-50 
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cytomegalovirus (CMV), 
48-9 
herpes simplex, 47-8 
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radiation-induced, 50-1 
reflux, 43-5 
esophagogastrectomy and gastric 
pull-through, 66-8 
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esophagus. See also esophagitis 
anatomy, 33-4 
Barrett’s, 45-6 
benign tumors, 52-4 
fibrovascular polyp, 53-4 
glycogenic acanthosis, 53 
leiomyoma, 53 
squamous papilloma, 52-3 
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intramural 
pseudodiverticula, 
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examination, 7, 8 
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31-3 
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fistulas, 61-2 
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Mallory-Weiss tear, 62 
perforation, 62-3 
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malignant tumors, 54-7 
carcinoma, 54-7 
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See also gastroesophageal 
reflux (GER) 
achalasia, 40-1 
diffuse esophageal spasm 
(DES), 41 
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motility evaluation, 27-8, 34 
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postoperative, 64-70 
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64-6 
pneumatic dilatation, 69 
stents, 70 
retraction, 63-4 
varices, 60 
downhill, 60 
uphill, 60-1 
evacuation proctography, 
166-7 
images obtained, 167 
perineal body identification, 
166 
rectal opacification, 166-7 
small bowel opacification, 166 
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duodenal, 115 
esophageal, 61-2 
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esophagus-airway fistula, 62 
gastrocolic, 96 
urethral, 202 
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through, 165 
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gastroesophageal reflux (GER), 5, 
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evaluation, 28-9 
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physiologic reflux, 29 
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gastrointestinal stromal tumors 
(GISTs) 
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malignant, 90 
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hemangioma, 180-1 
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177 
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inguinal, 150 
small intestine, 149-51 
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human immunodeficiency virus 
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tuberculosis, 176 
ulcerative colitis, 171-3 
inflammatory polyps, 142, 172 
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172, 175 
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duodenal, 111 
small intestine, 133 
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duodenal, 113 
esophageal, 57 
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small intestine, 135-7 
Lynch syndrome, 177 


Mallory-Weiss tear, 62 
mantle cell lymphoma, 136 
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Meckel’s diverticulum, 148 
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mesopharynx, 1 
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colonic, 182-3 
gastric, 87-8 
small intestine, 137-8 
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See voiding dysfunction 
mucosal bridges, 175 
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nasogastric intubation, 52 
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140 


omental cakes, 88 
open-loop obstruction, 150 
oropharynx, 1 
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palatine tonsils, 1 
papilla of Vater, 37 
papilloma, esophageal, 52-3 
paraesophageal hernias, 90-1 
perforation 
duodenum, 115 
esophagus, 62-3 
gastric, 96 
per-oral pneumocolon, 127-9 
Peutz-Jegher’s hamartoma, 
133-4 
pharynx 
anatomy, 1-3 
examination, 5-8 
water-soluble contrast 
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motility, 3-5 
evaluation, 5-7 
motor disorders, 8-10 
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radiographic findings, 9-10 
mucosa, 2 
postoperative, 15-21 
complications, 18 


supraglottic laryngectomy, 
21 
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tumors, 13-14 
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colonic, 177-8, 183-5 
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duodenal, 110 
fibrovascular esophageal, 53-4 
gastric, 82-3 
adenomatous, 83 
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inflammatory, 142, 172 
esophagogastric, 44 
fibroid (IFP), 134 
postinflammatory, 
172, 175 
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92 
postinflammatory polyps, 
172, 175 
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prostate enlargement, 204 
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pseudo-Billroth I sign, 81 
puborectalis muscle 
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pyelocalyceal diverticula, 219 
pyeloureteritis cystica, 217 
pyloric channel ulcers, 109 


radiation damage 
colon, 186 
esophagitis, 50-1 
pharynx, 17 
small intestine, 140 
radical prostatectomy, 199 
ram’s horn sign, 81 
rectal examination, 157 
rectal intussusception, 187 
rectal opacification, 166-7 
rectocele, 188 
rectovaginal fistula, 201 
reflux esophagitis, 43-5. See also 
gastroesophageal reflux 
(GER) 
renal transplant, 199 
retrograde pyelography, 211 
congenital anomalies, 217-19 
indication, 211 
inflammatory conditions, 
215-17 
postoperative appearance, 219 
technique, 211-12 
catheter retrograde 
pyelogram, 212-14 


urothelial neoplasms, 214-15 
retrograde urethrogram, 193-4 
ring stricture, 107 
ringed esophagus, 50 
Roux-en-Y 

esophagojejunostomy, 98 
Roux-en-Y gastric bypass, 100-1 
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duodenal ulcers, 107, 108 
gastric ulcers, 75-6 
pharyngeal, 12 
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scleroderma, 41-2, 149-50 
sedation, 118 
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sigmoid esophagus, 40 
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single contrast study, 23-5 
barium enema, 157, 162-4 
colostomy enema, 165-6 
enteroclysis, 121 
esophagography, 29, 33 
small bowel follow-through, 
125-9 
upper gastrointestinal tract, 
30-1 
sleeve gastrectomy, 99-100 
slipped Nissen, 65 
small bowel enema. 
See enteroclysis 
small bowel follow-through, 
125-9 
per-oral pneumocolon, 127-9 
small-caliber esophagus, 50 
small intestine 
differential diagnosis, 138-9 
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cavitary mass, 139 
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examination, 117-18. See also 
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per-oral pneumocolon, 
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small bowel follow-through, 
125-9 
water-soluble contrast agent 
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inflammatory conditions, 
140-4 
celiac disease, 143-4 
Crohn’s disease, 140-3 
tuberculosis, 143 
Yersinia enterocolitis, 143 
opacification, 166 
postoperative, 151-3 
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enteroenterostomy, 151-2 
ileal pouches after total 
colectomy, 152-3 
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small intestine (cont.) 
short bowel, 151 
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hernias, 149-51 
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169-70 
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133-4 
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vascular disorders, 139-40 
ischemia, 139-40 
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radiation enteropathy, 140 
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squamous cell carcinoma 
esophageal, 56 
pharyngeal, 13-14 
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52-3 
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stalactite, 84 
stents, esophageal, 70 
stomach. See also gastric ulcers; 
upper gastrointestinal 
tract 
adult hypertrophic pyloric 
stenosis, 93 
anatomy, 34-5 
antral webs and diaphragms, 
93 
bariatric surgery, 99-103 
laparoscopic adjustable 
gastric banding, 101-3 
laparoscopic Roux-en-Y 
gastric bypass, 100-1 
sleeve gastrectomy, 99-100 
vertical banded gastroplasty 
(VBG), 99 
benign tumors, 82-4. See also 
polyps 
ectopic pancreatic rests, 84 


gastrointestinal stromal 
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cardiac rosette, 35 
caustic ingestion, 82 
examination, 33 
gastric bezoars, 95 
gastric diverticulum, 93 
gastric outlet obstruction, 33, 
37, 93-4 
gastric resection, 37 
gastric varices, 91-2 
gastric volvulus, 91 
gastrocolic fistulas, 96 
gastroduodenal 
intussusception, 96 
gastroparesis, 94 
hiatal hernias, 90-1 
axial, 90-1 
paraesophageal, 90-1 
hyperirritable, 94-5 
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77-82. See also gastritis 
Ménétrier’s disease, 79 
Zollinger-Ellison 
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malignant tumors, 84-90 
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tumors (GISTs), 90 
lymphoma, 88-9 
metastases, 87-8 
perforation, 96 
postoperative, 96-9 
partial gastrectomy, 96-8 
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esophagojejunostomy, 
98-9 
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stress urinary incontinence, 204 
stroke, 8-9 
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superior mesenteric root 
syndrome, 114-15 
swallowing, 3-5 
evaluation, 5-8 
improvement techniques, 8, 9 
motor disorders, 8-10 
cricopharyngeal achalasia, 10 
radiographic findings, 9-10 


target lesions, 77, 83, 88, 111 
tetracycline-induced esophagitis, 
50-1 
tongue 
motility, 3-4 
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trichobezoars, 95 
tuberculosis, 143, 176 
tumorous varices, 92 


ulcer collar, 74 
ulcer mound, 171-3, 176 
ulcernodular pattern, 174 
ulcers. See also duodenal ulcers; 
gastric ulcers 
Crohn’s disease, 81, 141, 
173-4 
marginal, 97 
pyloric channel, 109 
reflux esophagitis, 44 
ulcerative colitis, 172 
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79-80 
upper gastrointestinal tract. 
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examination, 26-31 
double contrast technique, 
29-30 
single contrast technique, 
30-1 
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216-17 
ureteral reimplant, 198 
ureteropelvic junction (UPJ) 
anomalies, 219 
urethra, 195-6 
diverticula, 205 
fistulas, 202 
strictures, 204-5 
trauma, 199-200 
urethral catheterization 
female, 191-2 
male, 192 
urinary bladder, 194. See also 
voiding dysfunction 
diverticula, 203-4 
fistulas, 200-1 
colovesical fistula, 
200-1 
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orthotopic urinary 
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ileal conduit urinary diversion, 
206 
abnormalities, 206-7 
fluoroscopic evaluation, 
206 
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vaginal opacification, 166 
valleculae, 1 
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duodenal, 113 
esophageal, 60 
downhill, 60 
uphill, 60-1 
gastric, 91-2 
vertical banded gastroplasty 
(VBG), 99 
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urethral strictures, 204-5 
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water-soluble contrast study, 25 
pharynx, 8 
small intestine, 129 
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duodenal, 114 
esophageal, 12 
NSAID-induced, 140 
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Yersinia enterocolitis, 143 


Zenker’s diverticulum, 10-11 
surgical procedures, 21 
Zollinger—Ellison syndrome, 
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